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MATERIALS AND PROCESSES 
IN MANUFACTURING 


by E. PAUL DE GARMO, Professor of Industrial Engineering, 
University of California at Berkeley, co-author of Introduction to 
Engineering Economy 

“... this text by itself will adequately inform the engineer of the 
materials and processes that can make his idea concrete. . . . The 
first part covers the engineering materials: metals, alloys, and plastics. 
The second part describes the processes used to transform the 
materials: casting, forming, machining, and welding. . . . The rela- 
tive advantages and limitations of the materials and processes 
(economically as well as otherwise) are included. The text is supple- 
mented by numerous tables, graphs, and pictures which do an ex- 
cellent job in bringing the reader in closer contact to the subject.” 

. 2. Yale Scientific Magazine 


1957 755 pages $8.75 


EFFECTIVE INDUSTRIAL MANAGEMENT 


by JAMES L. LUNDY, Lecturer in Industrial Engineering, Univer- 
sity of Minnesota 

Designed for a basic course in Industrial Organization and Manage- 
ment, this book gives a clear picture of what must be done by 
managers—and why it must be done. It provides a penetrating 
analysis of current principles and practices in industrial engineering, 
with a concern for the advantages and disadvantages of each. 

1957 588 pages $6.90 


THERMODYNAMICS, 3rd Edition of 
Applied Thermodynamics 

by VIRGIL M. FAIRES, Professor of Mechanical Engineering, 
North Carolina State College 

A leading text since publication, Faires’ Thermodynamics has been 
extensively rewritten and reorganized to keep pace with new develop- 
ments. The concepts and language of basic theory are introduced 
early and stressed consistently. Unusually teachable, this edition 
incorporates many practical suggestions made by users of previous 


editions. 
1957 543 pages $7.50 


PROBLEMS on THERMODYNAMICS, 3rd Edition 
by VIRGIL M. FAIRES; A. V. BREWER and A. M. SIMMANG, 
Texas A. & M. College 

Designed to accompany Faires’ Thermodynamics, this workbook 
offers over 100 pages of completely new problems. The appendix 
section has been revised to conform to new text material. 

1957 165 pages $2.50 


Available for Fall Classes; A Teacher’s Manual giving solutions for 
Problems on Thermodynamics. 


ELEMENTARY THERMODYNAMICS, 3rd Edition 
by VIRGIL M. FAIRES 

Based on Faires’ Thermodynamics, this revision is designed to cover 
the topics offered in the short theoretical thermodynamics course. 
Basic topics are covered clearly and completely, and abundant 


problems are included. 
1957 379 pages $6.75 
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Schedule. Members and readers will perhaps have noted that this October issue is 
tumber one of the volume. It is hoped that this move, approved by the Publications Com- 
Iiittee, will bring you the same total of issues (ineludin the Yearbook-Directory as a 
February 15 special in addition to a regular issue February 1) at the beginning of the month 
tt publication, not the end. This seemed the best way to utilize the historic and only 
Wailable printing date, the 25th of each month, within the limits of the academic session. 
The change, which was carefully though rapidly explored when it became possible early in 
fly, has seemingly been a welcome one to satan and has appealed to advertisers as well. 
Hoffers, of course, the first feasible shot at getting the June issue to members well ahead, 
@ at least before, their departure for the Annual Meeting and from their offices, so that 
lst-minute reminders may some validity. 

Student Subscriptions. A further and perhaps major advantage of the revised schedule 
B its convenience for the new low-cost faculty-sponsored undergraduate student-grou 
Mbscription plan approved by the Executive Bored: and General Council at Cornell. A 
issues (excepting the Yearbook) will be offered on an experimental basis this year 
Mentatively $1.50 the volume) to facilitate the organization of active faculty-spon- 
fered informal discussion groups or chapters. The YETs, whose help is oa as 
Mve been enthusiastic in supporting and advancing this venture, which will make possible 
first direct and welcoming contact between students and the Journal or the Society as 
ial representatives of the teaching profession. Such faculty-guided discussions, with 
me wrOpriate articles as background, may serve to attract our best men into teaching as “the 
est rewarding career,” improve the climate of understanding between students and their 
Mittuctors by making clear the real effort that we all know goes into good teaching, possibly 
fen to give the incentives for high-quality teaching a lift from the encouragement of 
@ident “feedback” or constructive group response. Inquiries about the plan from members, 
MeMsors, or students will be welcomed. 
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DO YOU KNOW .... 


»& .... That final registration fig- 
ures for the Annual Meeting indicated 
a record attendance? There were 1393 
paid registrants, 508 women, and 285 
children. The total of 2222, does not 
include local people. The increases 
over a year ago are 3 per cent in paid 
registrations, 15 per cent in women, 
and 40 per cent in children. The Gen- 
eral Council authorized the Annual 
Meeting Committee to study this ris- 
ing attendance of families because of 
the marked increase in amount of 
work required of local women and the 
possible need of professional help, and 
the effect on the budget. 

Over 700 attended the Annual Ban- 
quet and more than 900 attended the 
chicken barbecue at Taughannock 
Park! The latter was a new type of 
undertaking and proved most success- 
ful. Jack Gebhard and his local com- 
mittee deserve the thanks of all of 
us for managing a most successful 
meeting. 


»& .... That Dr. Frederick C. Lind- 
vall, Chairman of the Division of En- 
gineering at the California Institute of 
Technology, is the new President of 
ASEE? He had just completed two 
years as Vice President in charge of 
general and regional (Section and 
Branch) activities. Robert W. Van 
Houten, President of Newark College 
of Engineering, and Dr. Glenn Mur- 
phy, Professor and Head of the De- 
partment of Theoretical and Applied 
Mechanics at Iowa State College are 
the two vice presidents elected in ac- 
cordance with the provisions of the 
revised constitution.. Both have ex- 
perience as members of the General 
Council. To get the two vice presi- 
dents in charge of Section activities 


on an alternating basis, C. L. (Jimmy) 


Eckel, Dean of the College of Engi- 


neering at the University of Colorado, 
was elected to a vice presidency for 
one year. He also has been a member 
of the General Council. These and 
the new members of the General 
Council representing Sections and Di- 
visions are heartily congratulated. 


»> .... That the most frequently 
made comment about the Annual 
Meeting program was that there were 
too many small groups? This applied 
to both luncheons and _ conferences, 
Division Chairmen and _ Program 
Chairmen should keep this in mind 
and make every effort to plan joint 
programs whenever possible. 


> .... That at each Annual Meet- 
ing questions concerning Society man- 
agement are asked and each year they 
are different? This year the one most 
frequently asked involved the amount 
of time devoted to ASEE by the Secre- 


cretary and the Editor. The Secretary | 


is released from his teaching duties 
half-time during the academic year 
and devotes full-time to ASEE during 
the summer and other vacation pe- 
riods; he is free of departmental, col- 
lege, and university committee Ie 
sponsibilities and entitled to a months 
vacation each year, just as others on 
a twelve-month appointment. 

Editor is released from his duties a 


Director of Engineering Information | 
and Publications and Editor of the — 
Engineering Experiment Station for | 
twenty per cent of the time through — 
out the year. The release of these | 
times from University duties is by | 
contracts between ASEE and the Usi- 


versity. 
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DO YOU KNOW .... 


p.... That next year’s budget is 
based on an increased growth of the 
Society? This is in respect to indi- 
vidual membership, industry member- 
ship, and advertising in the JourNAL. 
Only about thirty per cent of the col- 
leges of engineering conducted active 
membership campaigns last year. This 
year the other seventy per cent should 
get busy. The Committee of Young 
Engineering Teachers is again cooper- 
ating, but deans must help, particu- 
laly in large institutions, in organiz- 
ing a team adequate to do the job 
properly. But this does not relieve 
ach member of responsibility to do 
his share. A membership application 
frm is on page ix; make use of it— 
now. Also, send in the names of com- 
panies and the appropriate names of 
individuals therein which you know 
we interested in engineering educa- 
tion and which you believe should be 
members. The Industrial Member- 
hip committee will then take over. 
The same is true of advertising pros- 
yets—let the Editor know about those 
\u believe should be interested. 


> .... That at a conference of 
heulty members called by Principal 


}).L. Deshpande of Bihar Institute of 


lechnology for the three engineering 
wlleges in the State of Bihar, India, 


j‘was unanimously agreed that the 


‘SEE Report on Evaluation of Engi- 


j“ering Education be accepted as a 


wdel? Regulations to implement the 
valuation Report are being framed 
ad new courses are being planned 


\yith more stress on the basic sciences. 
Station 


hhis information was received from 


j'td H. Pumphrey of the Electrical 


ligineering Department of the Uni- 
lasity of Florida who spent a year at 


No. 1, Oct. 1957 


te University of Bihar. 


3 


®» .... That a Conference on 
Higher Education in Technology will 
be held in Chicago on Oct. 31 to Nov. 
2? The meeting is being sponsored 
by the Engineering Manpower Com- 
mission of EJC, the Scientific Man- 
power Commission, the National Sci- 
ence Foundation, the National Re- 
search Council, and ASEE. The theme 
of the meeting is “Technology and 
Education—Foundation of National 
Strength,” and the purpose is to up- 
date manpower needs and engineering 
education, to promote industry action, 
to focus the engineer’s own attention 
on education, and to make the engi- 
neer’s point of view felt by the nation. 


& .... That a joint ECPD-EJC 
meeting will be held in New York City 
on October 24 and 25? It was hoped 
one joint meeting would replace the 
separate meetings of ECPD and EJC, 
but such is not going to be the case. 
In accordance with general custom, 
various units of the Society will meet 
at the same time, the Executive Board 
on the night of Friday the 25th, the 
General Council on the morning of 
Saturday the 26th, and the Nominat- 
ing Committee on the afternoon of 
Saturday the 26th. The Executive 
Committee of ECAC also will have a 
meeting. 


& .... That next year’s Annual 
Meeting will be at the University of 
California at Berkeley on June 16-20? 
It is a long way to Berkeley for many, 
so make your plans early. U. of C. in- 
vites you, and E. D. Howe, Chairman 
of the local committee, guarantees no 
heat wave. 


W. LeicuHTon 
Secretary 


| 
| 
| 
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F. C. LINDVALL 
President of ASEE for 1957-1958 


F, ¢ 
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1980 ¢ 


F, C. LINDVALL 


As the new President of ASEE, 
Frederick C. Lindvall brings to the 
Society the experience of sixteen years 
asa member of the Society and many 
more years as an engineer and engi- 
neering educator. Tall, broad shoul- 
dered, and quietly effective, Dr. Lind- 
val has long been recognized as a 
lader in both engineering education 
and research. 

Born in Moline, Illinois, President 
Lindvall did his pre-engineering col- 
lege work at the University of Califor- 
tia, Los Angeles, in 1920-1922. In 
1922 he returned to his native state to 
tudy railway electrical engineering 
itthe University of Illinois, where he 
was graduated in 1924. After gradua- 
ton he returned to California and 
employment with the Los Angeles 
lailway Corporation and, later, the 
Southern California Edison Company. 
ln 1925 he accepted a position as 
Teaching Fellow and pursued ad- 
vanced studies at the California Insti- 
tute of Technology, where he received 
tis Ph.D. degree in electrical engi- 
wering, with a minor in physics, in 
1028, 

After completing his graduate pro- 
gam, Dr. Lindvall worked as an engi- 
wer with the General Electric Com- 
pany until he returned to C.I.T. in 
| 980 as an instructor in electrical en- 
sneering. He was promoted to as- 


NEW PRESIDENT OF ASEE 


At the June 18 General Session at Ithaca, on the recommendation of 
the Nominating Committee, F. C. Lindvall, Chairman of the Division of 
Engineering, California Institute of Technology, was elected President 
of the Society for 1957-1958. Other newly elected officers at the Annual 
Meeting were C. L. Eckel, Vice President of Sections for the West, R. W. 
Van Houten, Vice President of Sections for the East, Glenn Murphy, Vice 
President of General Divisions, and R. A. Morgen, Vice President repre- 
senting the Engineering College Administrative Council. 


sistant professor of electrical engineer- 
ing the following year, and his wide 
training and research interests led to 
his appointment as associate professor 
of electrical and mechanical engineer- 
ing in 1937. He was made professor 
of electrical and mechanical engineer- 
ing in 1942. 

Appointment to his present position 
as Chairman of the Division of Engi- 
neering, which includes civil, electri- 
cal, and mechanical engineering and 
aeronautics, came in 1945. His inter- 
est in engineering education is per- 
haps best indicated by his active par- 
ticipation in ASEE programs, and by 
his election to this Society’s highest 
office. 

An officer in the United States 
Naval Reserve from 1936 to 1953, Dr. 
Lindvall during World War II was 
engaged with various government re- 
search projects at C.I.T. under a gen- 
eral Office of Scientific Research and 
Development contract. These in- 
cluded rocket applications, underwater 
ordnance, and certain aspects of Man- 
hattan District activities. During this 
time he was also supervisor of con- 
tracts dealing with non-destructive 
testing of welds. As a result of his 
wartime contributions in research, he 
received the Naval Ordnance Devel- 
opment Award and a Presidential 
Citation for Merit. 

(Continued on page 64.) 
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Additional copies of this chart are available from the Secretary. 


At a number of Section meetings 
through the year, and in a recently 
published paper * I have discussed at 
ome length why I believe we should 
ilbe proud of our mission as teachers 
ad should take pains to tell our stu- 
dents what an exciting and rewarding 
areer we find teaching to be. 

Not only do we deserve to have 
hith in our mission, but through our 
wn organization, the American So- 
\cety for Engineering Education, we 
lave also been not without works. 
We might even be charged with hav- 
ig been too modest in broadcasting 
ur efforts and accomplishments. It 
tuck me, therefore, as appropriate 
hat for this year’s Presidential Address 
‘||should compile an integrated report 
| portrayal of our Society relations 
jad the projects in which we are ac- 
\ve, both within and outside of our 
group. 


| in this way the Society and its 
‘jembers will be able to see broadly, 


“jteare now doing and how much still 
‘mains to be done. Thus we can 
jth gain encouragement for our pres- 
jattasks and increase our incentives 
loseek out the necessary but not yet 
_jtined assignments for the future—of 
‘Jitich I will say a little more in clos- 
this commentary. 

With these purposes in mind, I 


“A Wailing Wall Is Not a Building 
JournaL, June, 1957, p. 814. 


"., . FOR THE PEOPLE 
HAD A MIND TO WORK” 


ASEE Presidential Address, June 18, 1957 


W. L. EVERITT 
Dean of Engineering 
University of Illinois, Urbana 


have, as a supplement to the usual 
address, put particular thought into 
preparing Figure 1 as the central con- 
tribution of this end-of-the-year re- 
port, showing as it does the Society’s 
surprisingly varied directions and 
types of research effort. 

As a text and background for my ex- 
position, I should like to cite a highly 
appropriate Biblical verse, Nehemiah 
4:6, which describes the rebuilding of 
the temple in Jerusalem after the re- 
turn of the Jews from captivity. The 
verse is inspiring to me, and its con- 
structive tone applies also to our joint 
efforts: “And so built we the wall 
. . . for the people had a mind to 
work.” 

Engineering societies, and particu- 
larly ours, are not organized and do 
not exist to employ paid staff mem- 
bers and watch them work. Our or- 
ganization has a primary and specific 
responsibility to bear, a task to per- 
form—laying the foundation for a 
steadily improved and improving en- 
gineering education, one which will 
form the principal, essential, basic 
support for a sound social order in the 
future. 

This is a great task which requires 
many earnest and dedicated workers 
—all of us, and more still to be re- 
cruited. A principal function of the 
Society, therefore, is to divide its 
members into working teams, each of 
which can operate effectively in its 

Jrl. Eng. Ed., V. 48, No. 1, Oct., 1957 
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own area while steadily coordinating 
its activities with those of other 
groups to provide a complete and sat- 
isfactory structure, a smoothly func- 
tioning total effort. 

The structural analogy, while catch- 
ing, is inadequate in several respects, 
which is the reason I use the func- 
tional or productive phrase also. First, 
we do not have a single governor or 
architect in control; second, we are 
laboring at a task. which will never be 
finished. More like the raising of the 
Cathedral at Chartres or the Wall of 
Jerusalem, ours is a complete com- 
munity effort. Our directors are volun- 
teers, constantly changing; our work- 
ers freely dedicate themselves to a 
dynamically progressing charge which 
is agreed to require generations of 
faithful effort for fulfillment. 

In constructing something as spe- 
cific as an ordinary building, the in- 
dividual workers, when their task is 
finished, can at their leisure draw back 
and see how all the parts fit together 
and what progress has been made. 
Furthermore, from experience in build- 
ing one structure, they can perhaps 
obtain a reasonable view of stages of 
completion for similar structures which 
they may be asked to build later on. 

By contrast, the work of a profes- 
sional society is generally fairly iso- 
lated, abstract, continuous, and _ al- 
ways at or beyond the frontier of past 
experience. In this way, precedent is 
of limited value, and we always have 
a great deal of difficulty keeping in 
mind and finding out the varied things 
we may be doing or for which we 
are responsible. 

It is therefore highly desirable that 
we pause every so often to take stock 
of what we actually have been en- 
gaged with, and to see whether our 
structure is really suitable for the vari- 
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ous functions it is supposed to per- 
form. In making the survey, and in 
using it in a preliminary way for other 


planning organizations and sessions, 


I have been surprised how much 
thought was required to develop a 
reasonably comprehensible pattem, 
how many things we are doing, how 
much money is being invested in the 
total range of projects, and how in- 
pressed other societies have been when 
they could for the first time appreciate 
how diverse and significant our enter- 
prises are. 

In most societies, tasks often break 
down naturally into studies of tech- 
nical advancement in various areas, 
followed by the formulation of stand- 
ards and definitions of terms in these 
areas. Each professional group can 
then proceed on its way with rela- 
tively little reference to other groups 
within its own parent organization, 
and certainly with only moderate at- 
tention to what is going on elsewhere. 

The situation is very different for 
ourselves. Preparation of a task-or- 
ganization chart for ASEE is extremely 
complex and difficult because, touch- 
ing as we do all the aspects of engi- 
neering education as well as many 
other subject-matters and several “gen- 
eral” or miscellaneous fields, we lack 
the usual easy subject-breakdown and 
development-of-standards approach. 

Far from the usual isolation, too, we 
are related to everybody, and the ram- 
ifications of our liaison channels are 
legion, as you can see from the fin- 
ished chart. Evaluation, for example, 
is indeed one of our tasks, but our 
wish to preserve institutional initiative 
and freedom to experiment precludes 
the definitive standard-setting proce 
dure to which we may be accust 
elsewhere. 

In setting up the chart presentation 
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of these lines of influence and informa- 
tion-passing, therefore, I have turned 
first to emphasize our intertwinements 
and liaison functions with other groups, 
and next to illustrations of the major 
kinds of activity within our own walls. 
It is apparent at once that there is a 
proper interest in engineering educa- 
tion on the part of all other engineer- 
ing and scientific societies. In fact, 
the Engineers’ Council for Profes- 
sional Development was founded pri- 
marily to integrate the actions of some 
seven groups concerned with accredit- 
ing in engineering education, just as 
the Engineers’ Joint Council was set 
up to speak for the profession as a 
whole. 

In 1952, for instance, the ECPD 
asked ASEE to conduct a full-scale 
Evaluation of Engineering Education 
for the future, and to report back find- 
ings which could be used as a guide 
as to which curricula should be con- 
sidered as warranting the designation 
“Engineering” and to improve accred- 
itation procedures for all such cur- 
ticula. Accordingly when the ASEE 
Evaluation (Grinter ) Committee com- 
pleted its work, the report was sent 
not only to the Society and individual 
institutions, but also to ECPD. 

The impact of this particular study 
is still being felt, as you can see by 
following down the lines of influence 
inthe center of the chart. Four major 
additional studies have resulted from 
the first report. One is being con- 
ducted by the Follow-Up Committee, 
which under the Chairmanship of 
Dean B. R. Teare, Jr. has been trying 
to find optimum applications for the 
report recommendations; seven sub- 
committees have been set up, six to 
study the Engineering Sciences, and 
one to prepare recommendations in 
the field of Analysis and Design. 
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The Humanistic-Social Study-Re- 
port, with its Follow-Up Institute, was 
another important outgrowth of the 
Grinter Committee, and is now about 
to be supplemented in turn by a Sur- 
vey of English instruction in engineer- 
ing colleges. The Graduate Study, in- 
cluding special attention to part-time 
and off-campus Extension Study, is the 
other main result of the evaluation 
work so far, but other aspects may 
well turn up as we go along. 


Professional-Subject Societies 


Sometimes referred to as the Tech- 
nical Societies, the Professional Sub- 
ject Societies (the term I prefer) are 
generally members of the EJC and the 
ECPD; most have their own educa- 
tion committees with which we have 
been seeking closer liaison. During 
the past year, under the direction of 
C. A. Brown, our Vice President in 
Charge of Divisions, there has been a 
particular attempt to develop closer 
correlation of work between our own 
subject-matter groups and the equiv- 
alent educational committees of the 
subject-matter societies, with which 
it is hoped we can develop close co- 
ordination and task division. This 
should not be difficult since in most 
cases the members of these education 
committees are also active in ASEE. 

Perhaps in the future we can ar- 
range meetings of the Mechanical En- 
gineering Division at the winter con- 
vention of the ASME, the Electrical 
Engineering with AIEE-IRE, and so 
on, as was the case this year with our 
Aeronautical Division and the Insti- 
tute of Aeronautical Sciences. This 
sort of arrangement might give more 
continuity and body to the operation 
of our divisions than is possible with 
the present once-a-year plan of meeting. 


| : 
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Studies and Recommendations 


It must be recognized that the pri- 
mary function of the American Society 
for Engineering Education is to make 
studies and recommendations; it does 
not have a direct mechanism for im- 
plementation, which must occur within 
the individual institutions. As might 
be expected, many of the recommenda- 
tions of the Evaluation of Engineer- 
ing Education report are being taken 
seriously by the individual institutions, 
and both curricular studies and cur- 
ricular changes have resulted. There 
is, of course, one other means of im- 
plementation; that is through reports 
and recommendations of the Engi- 
neers’ Council for Professional Devel- 
opment which, through its Education 
and Accreditation Committee, can sug- 
gest to individual institutions the im- 
plementation of certain recommenda- 
tions where these are quite generally 
accepted as essential to progress, but 
where some individual colleges or de- 
partments may be insensitive to the 
need for constant re-evaluation of 
educational programs. 

At the same time, the Education 
and Accreditation Committee recog- 
nizes as one of its most essential direc- 
tives that it should not try to impress 
any strait-jacket or restrictive uniform- 
ity on individual institutions, espe- 
cially any which will prevent them 
from engaging in well-considered and 
forward-looking educational _experi- 
mentation. The committee is some- 
what perturbed because there seems 
to be some apprehension that it is 
trying to set up uniform curricula. Its 
criteria for accreditation are intended 
as spurs for the laggards, but never as 
brakes for the creative and imagina- 
tive. It must uphold standards with- 
out imposing standardization. 
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Divisions and Committees 


Within the Society we have both 
Divisions of major size and Commit- 
tees representing smaller groups of 
old, new, and just-emerging special 
interests. These classifications can be 
split again into subject-matters (such 
as physics and civil engineering), and 
into general or organizational matters 
(such as Relations With Industry and 
Technical Institutes). The subject 
Divisions are shown to the left on the 
chart, mainly because of their connec- 
tions with other subject-societies, and 
the administrative or “activity” Divi- 
sions to the right to illustrate their 
relations with other external agencies. 

While all the Divisions have con- 
sidered and dealt with the findings of 
the Evaluation Report, a particular 
reaction which illustrates the general 
method of operation occurred in the 
case of the Physics Division. This 
group responded to Preliminary Re- 
port recommendations by asking the 
American Institute of Physics to make 
a special study of instruction in phys- 
ics for engineering students. The AIP 
then in due course reported back to 
the Grinter Committee, which took 
the physics findings into account for 
its Final Report. 

Among the general divisions several 


have been particularly active. The — 


Graduate Division has already been 
discussed. The Relations With Indus- 
try Division has two projects, one on 
Loss of Faculty to Industry, the other 
on Cooperation between Industry aad 
Technical Institutes. The Technical 
Institute Division is cooperating with 
RWI in the second study, and also is 
independently sponsoring a_nation- 
wide survey of technical-institute 
education. 

In this general area of manpower 
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and plans, the ASEE has also been 
working closely with the President's 
Committee on Scientists and Engi- 
neers, generally referred to as the 
Bevis Committee. Your President is 
ex officio a member of this committee, 
one of the two representatives for the 
engineering profession; the other is 
the president of EJC. 

Among the committees of the So- 
ciety, one which has been most pro- 
gressive, receiving special support from 
the Atomic Energy Commission, is 
that for Nuclear Energy Education. 
In the past year this Committee, with 
the assistance of the National Science 
Foundation and the AEC, has spon- 
sored a number of activities: the 
Atomic Energy Newsletter, a group 
of Nuclear Engineering Summer In- 
stitutes at which a total of some 90 en- 
gineering faculty members were given 
eight-week courses in the fundamen- 
tals of reactor design (to be followed 
this summer by another basic institute 
and four advanced or specialized pro- 
grams ) and a Dean’s Conference last 
September at Gatlinburg, Tennessee, 
to inform some 200 college deans and 
presidents about the needs and oppor- 
tunities for education in Nuclear En- 
gineering. Also, in the survey field, a 
special study of educational require- 
ments is being undertaken, and an 


| valuation of engineering manpower 


needs for nuclear activities is presently 
in progress. 

Of course, other subject-matter 
groups, as indicated in the lower left 
ection of the chart, have organized 
ad sponsored summer schools sup- 
ported by those who attend them. 


| Also, various ASEE conferences on 


lew areas of development, such as the 
two last year on Mathematics, have 
ven held with the financial sponsor- 
thip of the National Science Founda- 


tion. To help give credit for this sup- 
port, at the lower right I have tried to 
show the principal outside sources of 
funds for the educational studies of 
the Society. This indicates only in a 
limited sense, however, which pro- 
grams are supported by which specific 
foundation. 


ECRC and ECAC 


Finally, your two ASEE Councils 
have their own roster of projects and 
committees, as shown in the center 
right of the chart. The Engineering 
College Research Council is now em- 
barking on a major study of the re- 
search capabilities and potentialities 
of engineering colleges; during the 
summer their teams will visit some 
100 institutions to gather information 
directly rather than by quentionnaires. 

The Engineering College Adminis- 
trative Council has in progress a num- 
ber of studies, but in the past year the 
problems of ROTC credit have been 
receiving particular attention. ECAC 
has also been cooperating closely with 
the Education and Accreditation Com- 
mittee of ECPD, and earlier worked 
with the Grinter Committee on the 
same problem. 


Our Key Problem: 
Engineering Faculties 


By all odds the most critical prob- 
lem ahead of engineering colleges is 
that of finding a satisfactory answer 
to the “billion-dollar question’—and 
I say “billion” advisedly, as C. C. 
Furnas pointed out in the JouRNAL 
some time ago. Where and how are 
we going to find, attract, train, keep, 
and employ efficiently the many new 
engineering teachers needed to handle 
the tremendously higher enrollments 
facing us now and for years ahead? 
It is generally estimated that in ten 


a 
: 


12 


years we shall have to care for twice 
the student numbers we have now, a 
vital assignment for the nation, and 
one that clearly demands faculty ex- 
pansion at a far greater rate than 
ever before. 

Furthermore, it is evident that, 
with such a rapid increase, we cannot 
depend solely upon traditional, lei- 
surely, “exposure” methods of training 
engineers for their professional teach- 
ing responsibilities. In the past, our 
preparation for teaching has been pri- 
marily one of apprenticeship, in which 
the younger men observed the more 
experienced and presumably more 
able instructors whenever opportunity 
or rumor made that possible. Now 
new and radical methods of attack, 
possibly including a full complement 
of modern technological aids for 
teachers, is indicated. 

To attack this problem, as I re- 
counted in the June JournaL, Dean 
Hazen of M.I.T. has agreed to head 
a key Committee on the Development 
of Engineering Faculties (CDEF). It 
has the close cooperation of ECPD, 
EJC, and the Bevis Committee; the 
program which CDEF proposes will 
be discussed later this morning, and 
will appear in the Journat; I will not 
treat it in detail just now. 

I do, however, rate this project as 
the largest-scale and most important 
one now facing the Society, and I 
hope that for all our sakes you will 
give it every support. We have ob- 
tained initial funds from the National 
Science Foundation and a small sum 
from industry, but in view of the 
tremendous scope and demands of the 
project, more support—of the order of 
$180,000—must be secured for the 
future. 

I hope, too, that we can mobilize 
for the Hazen Committee the same 
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kind of devoted service that was given 
the Grinter Committee by the more 
than 1000 faculty members who, 
through their institutional commit- 
tees, were active in the study. On this 
project and its backing, as much as on 
any other one factor, depends the fate 
of our profession, as well as our edu- 
cational success for the years that we 
can see ahead. 

I have now summarized a number 
of the areas in which we are moving 
forward; but our task is far from com- 
pleted, even in the telling. We can 
see problems which need to be solved, 
but for which preliminary and some- 
times extended study has not yet 
yielded clear or promising methods of 
attack. In some cases we have con- 
tinuing committees at work. 


Problems Demanding Increased 
Understanding and Attack 


Let me list some eight of these 
“difficult” areas. 


1. Industry Assistance to Education 

2. National Government-Legisla- 
tion and Support for Education 

3. Optimum Selection and Use of 
Manpower by Industry, Govern- 
ment and Education 

4, Effective Methods of Developing 
Creativity 

5. Early and Relatively Quantita- 


tive Evaluation of Good Teaching — 


6. Adequate Relations with Second- 
ary Schools 
a. Subject Matter 
b. Guidance 

7. Better Student Selection for Pro- 
fessional Education 

8. Better Student Transition be- 
tween Technical Institutes and 
Engineering Colleges 


When your society sees hope that — 


these can yield to the study-report and 
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negotiation method, it will, I feel sure, 
attack them with the same vigor it has 
shown in connection with the other 
projects I have just outlined. 

May I be permitted an even further 
gimpse into the future? This, of 
course, does commit my successors. 
In my previous “Wailing Wall” paper, 
I pointed to the growth of the “team- 
concept” as the key to the tremendous 
technical progress of the twentieth 
century. We could well stake out, as 
anext principal educational concern, 
a study of methods for the develop- 
ment of the abilities of our graduates 
to work as creative and imaginative 
members of engineering and scientific 
teams. Particularly we might con- 
sider and analyze modificaticns of our 
educational process which would be 
most conducive to the success of engi- 
neering groups, a major way of sup- 
plementing individual genius which is 
pointedly necessary for the continued 
advancement of our increasingly com- 
plex technical knowledge. In the next 
generation, with further expansion of 
such knowledge, and increased publi- 
cation of scientific information, such 
team operations will become essential 
to keep track of and utilize all we will 


| know collectively. 


If we are to realize fully the pos- 
sibilities of such group inspiration and 
creation, we must first give careful 


} thought to the means by which such 


wganizations-of-minds can most effec- 
tively work together. If we do, they 
an contribute startlingly to the sum 


| total of individual and social achieve- 
_ ment, especially if we are careful to 


reserve and stimulate intellectual 


| ‘tedom and original thinking. There 


‘uld also be constructive emphasis 


| how to make imaginative contribu- 


ions and at the same time know how 
0 resolve rather than create conflict. 
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If a major future function of our engi- 
neering colleges is to develop such 
teams, have we given adequate thought 
to the specific kinds of curricula and 
courses which will best aid in equip- 
ping and shaping young minds for 
working together in the ways their 
profession will expect and demand? 

It is fairly clear that at least two 
considerations must be involved, and 
perhaps we can find others as our in- 
vestigation proceeds: 


1. The Semantic Factors. Team 
workers must have enough common 
language to understand each other, to 
use the same terms, and to mean the 
same things—to be in a single universe 
of discourse. This requires further 
analysis of what is really basic and 
fundamental, and development of a 
more readily shared and exchanged 
language, including definitions and 
units, so that engineers and scientists 
can talk to each other easily and 
efficiently. 

This need is certainly not yet met 
with the present conflicts between 
specialization and generalization. We 
have made a beginning with the con- 
cept of Engineering Sciences in the 
Evaluation Report, but much further 
study is needed to make this common 
background more complete and effec- 
tive. We must also recognize the 
semantic problem of communicating 
with non-scientists and non-engineers, 
both our fellow-workers and fellow- 
citizens. This is one but not the only 
function of an education strong in the 
humanities and social sciences. 

2. The Task-Definition. Types of 
problems to be faced must be studied 
and broken down or partitioned so 
that we can understand what vari- 
ous backgrounds and abilities can best 
be applied effectively to either limited 


— 
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or broad areas of investigation and 
thought, with each man or sub-group 
assigned or able to choose appropri- 
ate, satisfying areas of effort. This 
requires, in turn, a command of or- 
ganizing and rationalizing skills or 
subtleties to which as yet we have 
given little or no instructional atten- 
tion. Here industry has progressed 
far in operations, but its experience 
has not yet been developed into a ra- 
tional, teachable body of knowledge. 
Psychological and logical study of 
such problems and the means of at- 
tacking them could carry us a con- 
siderable way forward on the road to 
optimum production of ideas. In this 
direction, several questions suggest 
themselves. For good teamwork what 
is the desirable degree both of like- 
ness and of difference between mem- 
bers? Should approaches to problems 
be organized by the material means 
applied, or by the time sequence in- 
volved for administration? Are the 
logical divisions of training in analy- 
sis and synthesis those of the accepted 
compartments of engineering as rep- 
resented by the major professional so- 
cieties—Civil, Mechanical, Electrical, 
etc., or should we be reorganizing such 
compartmentalization as is necessary, 
for example, into Energy Processing, 
Information Processing, Solid Material 
Processing, and Fluid Processing? 
Perhaps the dimensionless and men- 
tal concepts of statistical and opera- 
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tional analysis, of game and decision 
theory in the abstract, will turn out to 
be as essential to the engineer’s func. 
tioning tomorrow as the elements of 
physical theory are today. Within the 
present ramifications of engineering, 
many possible methods and bases of 
division are possible. This wide pos- 
sibility of organization presents one of 
our major dilemmas which must be 
solved. It seems certain that, at least 
at the graduate level, diverse training 
is essential; the day of the all-inclusive 
mind such as was represented by 
Leonardo da Vinci or Benjamin Frank- 
lin is past. Only original, bold, and 
imaginative thinking will provide a 
solution; furthermore, a great persua- 
siveness will be required to obtain ac- 
ceptance of any solution when it is 
found, however sound it may be. 

But I am only suggesting a few 
areas for study. You must add others. 
My principal point is that our work 
will not be finished next year or ever, 
so long as we faithfully pursue, as we 
constantly should, the growth and en- 
richment of the human mind. With 
that said, I need only thank you all 
for your helpful building in this year, 
and remind you that we can, indeed, 
lay down a lasting foundation for na- 
tional and educational success if in 
the future, as in the past and present, 
truly “. . . the people have a mind to 
work!” 


66TH ANNUAL MEETING 


University of California, Berkeley 
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THE 65th ANNUAL MEETING 


Cornell University, Ithaca 


Through a series of accidents, including the demands of a completely 
revised MIT catalog, John Mattill’s usual article on the Annual Meeting 
was not feasible for the first issue this year. Thanks are due Paul Bryant 
for his assistance in preparing this brief report. It is hoped that John can 
give us his views in a later issue. Photographic credits go to the Cornell 
Photo-Science Labs and to Henry Spies. 


Searching self appraisal and man- The scope and variety of the So- 
sized challenges for the future char- _ciety’s activities were emphasized by 
acterized the 65th Annual Meeting of the range of subjects and the number 
ASEE in Ithaca. The Society’s pres- | of papers presented. During the 4% 
ent situation and its future direction days of the meeting, 220 talks in more 
were examined in a relaxed, well or- than 30 fields were presented at 130 
ganized, hospitable setting which con- _— scheduled events, including confer- 
tributed to fruitful discussion and ences, luncheons, and dinners. Topics 
planning. The informal, family style ranged from curriculum changes in 
affair had a record attendance of 1393 _ civil engineering, granddaddy of the 
paid registrants, and a total, counting __ civilian profession, to teaching nuclear 
women and children, of 2222 guests, engineering, latest offspring of the 
in addition to local people. wedding of pure and applied science, 


~ 


Relaxation and informal discussion between the more formal sessions helped create 
the easy but productive atmosphere at the Cornell Meeting. The casual and friendly 
exchange of ideas was a valuable supplement to divisional and general meetings, 
papers, and conferences. 
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At the reception in honor of President and Mrs. Everitt, left to right the Everitts, 
Provost Sanford Atwood of Cornell and Mrs. Atwood, Dean Hollister of the Cornell. 
College of Engineering and Mrs. Hollister, and ASEE Secretary W. L. Collins and 
Mrs. Collins formed a receiving line that shook hands with more than 700 guests. 
President-elect Lindvall, Professor J. C. Gebhart, General Chairman of the Cornell 
Annual Meeting Committee, and Mrs. Gebhart were in the line but regrettably out 


of camera range. 


and from guiding grade school chil- 
dren into proper educational channels 
to providing post-doctoral training in 
research laboratories. 

Educating the student, training the 
teacher, and providing needed scholar- 
ships for one and adequate salary for 
the other were also considered, along 
with the relations of the colleges to 
the federal government and private in- 
dustry. In short, almost no generally 
recognized phase of engineering edu- 
cation failed to come in for treatment. 


General Session 


The first general session on Monday 
was concerned with reports on ASEE 
activities. In its studies of the present 
status and potential of the technical 
institute type of higher education, the 
Technical Institute Survey, directed 
by Ross Henninger of Iowa State Col- 
lege, reported on its activities and of- 
fered “some observations—and a chal- 


lenge.” The committee concluded 
that, “The most immediate ‘result’ of 
the Survey, and one that . . . may 
prove ... long lasting and effective, 
has been the combination of interest 
and action at various local levels 
which has been the direct outgrowth 
of . . . Regional conferences and re- 
lated visitation conferences. . . .” 

Reports by the Atomic Energy Edu- 
cation Committee, the Graduate Study 
Project, the ECRC Survey of Research 
Capabilities, and the Committee on 
Engineering Sciences and Design and 
Analysis brought the group up to date 
on activities in those areas. 


President’s Address 


Retiring Society President W. L. 
Everitt set the dual tone of appraisal 
and challenge in his presidential ad- 
dress at the general session on Tues- 
day morning. Perhaps for the first 
time in Society history, he summed up 
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all of the Society’s many activities and 
presented a detailed organizational 
chart of ASEE study programs and 
the Society’s relations with cooperat- 
ing groups. Copies of the chart were 
distributed and aroused considerable 
interest. From this he moved on to the 
problems facing the Society, listing as 
most critical that of finding and keep- 
ing “the many new engineering teach- 
ers needed to handle the tremendously 
higher enrollments facing us now and 
for years ahead.” This problem is be- 
ing attacked by the Society’s Commit- 
tee on the Development of Engineer- 
ing Faculties, for which Dean Everitt 
asked “every support.” Beyond this 
he listed eight specific areas “demand- 
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ing increased understanding and at- 
tack.” The full text of this talk is in- 
cluded in this issue. 

The theme of challenge was carried 
on at the ECAC-ECRC dinner by E. 
A. Walker, President of Pennsylvania 
State University, when he outlined the 
rapid expansion of technology and the 
mushrooming need for scientists and 
engineers. To meet the problems this 
expansion is creating, he proposed a 
nine point program of action to iden- 
tify students capable of becoming en- 
gineers, give superior students the de- 
sire to go to college, make it financially 
possible for all superior students to 
attend college, educate all students to 
the highest levels at which they are 


Even the Society’s officers were detected with their coats off in the warmly informal 


atmosphere. 


Caught in the act, retiring President W. L. Everitt of Illinois (second 


from right) congratulates President-elect F. C. Lindvall of Cal. Tech. while Vice 
Presidents C. L. Eckel of Colorado (left) and Glenn Murphy of Iowa State (right) 
look on. Missing officer is Vice President R. W. Van Houten, Newark College 
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capable of profiting, learn to use engi- 
neers efficiently, bring the Selective 
Service System up to date, eliminate 
types of government contract which 
encourage expensive recruiting and 
pirating of personnel, find a way to 
finance basic engineering research, 
and reexamine curricula and methods 
of teaching. 

“In the next fifteen years,” President 
Walker said, “engineering education 
in the United States is going to be 
revolutionized.” Our problem, he 
suggested, is to take care that the 
revolution does not destroy “without 
producing anything to fill the void.” 
Filling the void is the challenge facing 
the ASEE. 

As a result of this talk, the ECRC 
and the Educational Methods Divi- 
sion agreed to follow up these sug- 
gestions with research in engineering 
teaching. The full text of President 
Walker’s speech will be published in 
an early issue of the JoURNAL. 


Constitution Changed 


With the election of officers for 
1957-1958, the results of which are 
announced elsewhere in this issue, the 
Constitutional amendments voted in 
last spring were announced and sup- 
plementing by-laws were adopted. 
The adoption of these changes means 
that officers of the Society will now be 
elected in the spring and will be able 
to take part in an executive committee 
meeting before coming to the Annual 
meeting. 


Three Part Theme 


The general theme of the meeting 
might be divided into three parts: 
staffing engineering colleges, meeting 
demands of engineering enrollment 
bulges in the next decade, and defin- 
ing the nature of future curricula for 
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the engineering sciences. Among the 
more specific matters discussed was 
the problem of ROTC credits in the 
engineering program. Analyses of 
present practices were presented and 
recommendations were made in light 
of what is being done for humanities 
and physical education. 

H. W. Barlow, Director of the 
Washington State Institute of Tech- 
nology, speaking at the ECAC-Mili- 
tary Affairs conference, summarized 
this material in a talk on the academic 
credit granted for ROTC and other 
programs in engineering. Tables, fig- 
ures, and illustrations for his paper 


are being prepared and the paper will 


be published in the near future. 


Cornell Hospitable 


In his welcoming address at the 
Tuesday general session, Sanford A. 
Atwood, Provost of Cornell Univer- 
sity, assured the members of ASEE 
that the people at Cornell not only 
wanted them to feel welcome, but that 
“we also stand ready to help in any 
way we can to make your meetings as 
profitable and as pleasurable as they 
possibly can be.” These words were 
supported by efficient hospitality 
which was the better for being quiet 
and unobtrusive. Besides the smoothly 
coordinated mechanics of the actual 
meeting, there were trips to nearby 
parks, swimming parties, and picnics. 
A chicken barbecue at Taughannock 
Falls park, attended by more than 900 
people, was one of the social high 
points. 

Through resolutions and warm per- 
sonal memories, the gratitude of the 
Society was expressed to the hosts for 
their efforts, particularly to Professor 
J. C. Gebhard, General Chairman of 
all the local committees, to his com- 
mittee heads and their many helpers. 
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Special appreciation was also due to 
Mrs. H. H. Mabie and Mrs. C. L. Cot- 
trell, and all the ladies who worked 
with them for the women’s and young 
people’s programs, a special feature 
for which attendance this year was 
nearly double that of preceding years. 

The high degree of family participa- 
tion at the ASEE meeting has become 
the envy of other societies. The totals 
of 508 women and 285 children at this 
year’s meeting should serve as a prom- 
ise and a warning to California. 

The entertaining and scholarly ad- 
dress to the ASEE banquet was pre- 
sented by Dr. G. H. Healy, Professor 
of English and Bibliography at Cor- 
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nell. The experiment of having a 
non-technical humanistic address by 
a respected faculty member of the 
host institution turned out very well. 
Professor Healy’s talk on the origin 
of names gave an urbane and liter- 
ary touch to the program, balancing 
the more technical aspects of the 
meeting. 

In its summaries of past activities, 
the 1957 Meeting at Cornell might be 
considered the end of a year for the 
Society, but in its glimpses into the 
future and its challenges, this meeting 
might better be looked upon as the 
beginning of a new and vital year for 
continued achievement. 


For family groups especially, the chicken barbecue and sing at Taughannock Park 


was a social high point. The adults brought hearty appetites, but the junior repre- 
sentatives also acquitted themselves most notably. The young people are represented 
in this action shot (inset) by, left to right, David Northrup of Wayne State Univer- 
sity, Constance Littleton of Tufts, Virginia and Judith Oglesby of Stanford, and King 


Sargent of the University of Alaska. 
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ASEE PRIZE RECIPIENTS, 1957 
distinguished engineering educator 


THE LAMME AWARD 


To Wiu1aM LitTELL Everitt, engineer, teacher and 
engineering administrator, for his work in the field of 
communications, his efforts to broaden and improve 
engineering curricula, his deep interest in the general 
problems of engineering education, and his inspira- 
tional leadership as exemplified by his personal con- 
duct as well as by his writings and administrative ac- 
tions, we present this thirtieth Lamme Award. 


Dean, College of Engineering, University of Illinois. 


for excellence in research 


THE VINCENT BENDIX AWARD 


To THEODORE VON KARMAN, for his brilliant conception 
and solution of problems in mechanics, aerodynamics, 
and related engineering and physical sciences, and his 
generosity in sharing these insights with students and 
fellow-workers; for his technical and organizational 
leadership in developing two great research institutes; 
for his services to national security and international 
peace; and, finally, for his many great contributions to 
modern civilization through research, we present this 
second Vincent Bendix Research Award. 


Chairman of AGARD for NATO; former Professor of Aero- 
nautics and Director of Guggenheim Laboratory, Cali- 
fornia Institute of Technology. 


outstanding young teacher 
THE GEORGE WESTINGHOUSE AWARD 


To Rosert Ewatp Treysat, for his dedication to 
teaching; for his impact on the intellectual develop- 
ment of young men through researches in partnership 
with students; for his ability to organize fresh synthe- 
ses of technical material in a rapidly developing field 
through books and writings; for his pioneer efforts in 
providing a deeper understanding of mass transfer 
processes; and for his interest and activities in profes- 
sional society work, we present this twelfth George 
Westinghouse Award. 


Professor of Chemical Engineering, Columbia University. 
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for early research achievements 


THE CURTIS W. McGRAW AWARD 


To GeorcE Gerarb, for his brilliant personal work and 
his splendid leadership in stimulating others in crea- 
tive engineering research; for his advanced concepts 
ina new dimension of powered flight and for new 
major departures in research in the strength of mate- 
rials; for his many technical publications; for his out- 
sanding administrative ability; and for the anticipated 
promise of further significant research contributions, 
we present this first Curtis W. McGraw Research 
Award. 


Research Professor, Aeronautical Engineering, and Assist- 
ait Director, Engineering Research, New York University. 


THE JAMES H. McGRAW AWARD 


ARTHUR LAWRENCE TOWNSEND 
Lowell Institute School 


Each year the Technical Institute Division presents to an outstanding contribu- 
tor to Technical Institute education the James H. McGraw Award. Established 
in 1950 by the McGraw-Hill Book Co., in memory of James H. McGraw, the 
award consists of $500 and an appropriately engraved certificate. 


ENGINEERING DRAWING DIVISION AWARD 


FRANK A. HEACOCK 
Princeton University 


By means of this award, a certificate, the Engineering Drawing Division 
acknowledges the many distinguished services rendered by a teacher of Engi- 
neering Drawing and expresses its deep appreciation for those services. 


THE YET PAPER CONTEST 


This national contest selects the best papers written by members of the Society 
under 36 years of age. Each of the sixteen Sections of the Society sponsors a 
contest and the winners are entered in the National contest. The first-place 
winner receives $200, second-place $100, and honorable mention a certificate. 


, First Place Second Place 
Robert A. JANKE Tuomas H. RockwELi 
Michigan College of Mining and Technology Ohio State University 


Honorable Mention 


KENNETH E. SECOR 
Chico State College (California ) 
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THE TASK AHEAD 
FOR THE PHYSICS DIVISION 


A Definition of Objectives 


NATHANIEL H. FRANK 


Head, Department of Physics 
Massachusetts Institute of Technology 
Cambridge 39 


Presented at the Physics Luncheon, 65th Annual Meeting, Ithaca, June 19, 1957. 


As retiring chairman of the Physics 
Division, I feel that I may take the 
liberty of trying to peer into the future 
and communicate to you my recom- 
mendations for the future obligations 
of this Division. I believe this Divi- 
sion will be called upon to play an im- 
portant and somewhat singular role in 
the years to come. The need to assess 
the optimum function of the Physics 
Division and to chart a broad course 
of action for it stems from a number 
of significant factors and trends, of 
which you are all aware. 

For the past several years the spot- 
light has been focused on the role of 
physics in engineering education, es- 
pecially with regard to the pressing 
and growing need for modern physics 
in the undergraduate engineering cur- 
riculum. In fact, just how to effect 
this needed addition has become a mat- 
ter of lively interest and controversy. 

It is evident that the rapidly evolv- 
ing base and continual change of char- 
acter of modern technology and engi- 
neering will call for an ever-increasing 
number of curriculum additions, sim- 
ilar to that of modern physics. It is 
my conviction that the pattern of sim- 
ple addition of new subjects to exist- 
ing curricula is a totally unsatisfactory 
attempt to meet the additional. re- 
quirements of even the foreseeable 
future. 


Such a procedure can result only in 
overloading the undergraduate curric- 
ulum to such an extent that superficial- 
ity and weakening of our engineering 
education will ensue. In fact, if this 


attempt to incorporate additional new. 


material into already crowded cur- 
ricula, no matter how urgent may be 
the need for such new material, con- 
tinues for any length of time, the cure 
will soon become worse than the dis- 
ease. The vital need lies in exactly 
the opposite direction: namely, fewer 
subjects taught in greater depth, with 
major “emphasis on fundamentals 
rather than on current practices. 


Radical Changes Indicated 


I would suggest that the solution of 
this problem calls for major, far-reach- 
ing change, both in the structure and 
the basic objectives of undergraduate 
engineering curricula. Such a depar- 
ture as I envisage will take us suff- 
ciently far from tradition so that the 
new policy will of necessity be carried 
out more slowly in some schools than 
in others, and it will surely be uncom- 
fortable for those who have lived for 
a long time within our present frame- 
work. I am convinced, however, that 
such a change will inevitably occur. 

The fundamental shift which I fore- 
see will have undergraduate engineer- 
ing education set as its primary goal 

Jrl. Eng. Ed., V. 48, No. 1, Oct., 1957 


Oct. | 
prot 
start 
in a 
ad 
This 
subj 
gine 
: whic 
grov 
and | 
this 
to se 
dang 
matt 
youn 
Th 
geste 
then 
side 
and 
have 
in th 
rema 
Patte 
uate 
| sarily 
large 
| muck 
} For t 
| must 
| impo 
| } quire 
great 
physi 
but it 
just 
| the n 
22 


FRANK 


of Physics 
‘echnology 
nbridge 39 


> 19, 1957. 


It only in 
te curric- 
perficial- 
sineering 
ot, if this 
onal new. 
ded cur- 
t may be 
rial, con- 
the cure 
| the dis- 
exactly 
ly, fewer 
pth, with 
amentals 
2eS. 


lution of 
‘ar-reach- 
‘ture and 
‘graduate 
a depar- 
us suffi- 
that the 
ye carried 
ools than 
e uncom- 
lived for 
nt frame- 
ever, that 
occur. 
ch I fore- 
enginee!- 
y goal the 


1, Oct., 1957 


Oct., 1957 


provision of a base sufficiently broad 
and deep to provide an adequate 
starting-point for professional growth 
in any area at the post-graduate level, 
and indeed all during a man’s career. 
This implies that specific professional 
subjects relating to current practice 
will have to be eliminated. 

Only in this way, I believe, can en- 
gineering graduates attain the poten- 
tial for continued professional growth 
which will enable them not only to 
grow with, but to lead our expanding 
and fast-moving technology. Without 
this sort of reorientation, it is difficult 
to see how we can guard against the 
danger that our rapidly advancing and 
changing technology may mean pre- 
mature obsolescence for many of our 
young engineers. 

The realignment which I have sug- 
gested means that engineering will 
then take its place educationally along- 
side such disciplines as medicine, law, 
and the basic sciences, all of which 
have achieved this evolutionary stage 
inthe past. I shall base my remaining 
remarks on the conviction that this 
type of change will occur. 


Pattern for Tomorrow 


The future structure of undergrad- 
uate engineering curricula will neces- 


| sarily allow for the introduction of a 
| lage core of engineering science; 


much of this will be applied physics. 


} For this reason, the Physics Division 
| must face squarely a problem of major 
| importance in seeing that such re- 
| quirements are adequately met. 


It is easy to state the need for a 


| geatly increased amount of applied 
| physics, and indeed of applied sci- 
| ‘nce, in future engineering curricula, 


but it is by no means so easy to see 
just how the need can be satisfied by 


| the number of men suitably educated 
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in this area. Engineering faculties 
will have to be staffed with young 
men who have been educated along 
other than traditional lines. 

Such young men will be, and al- 


' ready are, in enormous demand by 


both industry and government; the 
critical problem which must be solved 
is that of providing an adequate 
supply and reserve stock of capable 
applied scientists who will find engi- 
neering education sufficiently challeng- 
ing to attract them. One cannot ex- 
pect that physics departments around 
the country will turn out adequate 
numbers of young applied scientists, 
or even add substantially to the num- 
ber of service courses offered for engi- 
neering students. 

The rapidly increasing demand al- 
ready present for additional physics 
topics for engineers, as well as the 
parallel increase of educational obliga- 
tions which these departments face 
for their own majors, would, if allowed 
to grow, soon smother these physics 
departments or at least deter seriously 
their healthy and vigorous growth. 
The solution thus cannot be found in 
overloading physics and science de- 
partments, but must lie in another di- 
rection, and the Physics Division must 
put its shoulder to the wheel and help 
bring this about. 

As I have mentioned, the changing 
character of engineering faculties calls 
for more applied scientists and rela- 
tively fewer masters of current prac- 
tice. Where can this new type of en- 
gineering teacher be trained? Cer- 
tainly not from traditional engineering 
education. 

We might think of expanded science 
departments, such as physics, supply- 
ing such manpower, but this is not so 
simple either. The motivation and in- 
terest of most students who major in 
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pure science is such that they are by 
and large not concerned with careers 
in applied science; a number of ap- 
plied scientists will be produced, how- 
ever, and will become available for 


this task if industry does not get them - 


all. In my opinion, this situation pre- 
sents an unprecedented challenge and 
opportunity for engineering physics 
and applied science departments to 
become the primary sources of supply 
for the engineering scientists who are 
destined to play a major role in the 
engineering education of the future. 
It is one of the obligations of our 
Physics Division in ASEE to encour- 
age existing efforts along these lines, 
to help engineering administrators and 
educational leaders to seek this type 
of new faculty, and to assist in estab- 
lishing increased numbers of engineer- 
ing and applied physics curricula on a 
nation-wide basis. When we have 
reached the stage where our engineer- 
ing faculties have been built up to in- 
clude a substantial number of applied 
scientists, then our engineering col- 
leges will be able readily to bring into 
being increasing numbers of talented 
young men from their own ranks to 
continue this new educational task. 


Physics in Engineering 


I now come to the last point which 
I wish to make today. This has to do 
with establishing criteria for the deci- 
sions which will have to be made as to 
when physics courses for engineers 
should be taught by physics depart- 
ments and when by engineering de- 
partments. That I even bring up this 
question may seem a little odd, espe- 
cially to those of you who know the 
strong stand I have taken concerning 
the necessity of keeping the education 
of engineers in basic physics in the 
hands of the physicists. 
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I hope, however, to convince you 
that this is only an apparent desertion 
of the cause, since I am concerned 
here exclusively with education be- 
yond the elementary physics courses. 
At the intermediate and even at the 
graduate level, I would propose that 
the decision as to whether engineers 
or physicists should take over the re- 
sponsibility of a given subject of in- 
struction must be based on the follow- 
ing: If the objective of a given physics 
course is to supply the necessary sci- 
entific base for understanding a spe- 
cific area of technology or engineering, 
then engineering departments should 
carry the responsibility for such edu- 


cation. If, on the other hand, there is 


an educational need for the teaching 
of physics at any level to provide an 
adequate scientific base without re- 
gard to any specific area of applica- 
tion, then the responsibility must lie 
in the hands of physics departments. 

If this pattern is followed, we can 
avoid overloading physics depart- 
ments and burdening them with edu- 
cational tasks somewhat apart from 
their own professional interests, and 
at the same time nourish a growing 
body of applied scientists as an inte- 
gral part of the activities of the engi- 
neering departments. After all, it 
would be curious indeed to embark on 
a course of action under which the 
primary teaching responsibility in a 
given engineering department lay in 
the hands of people outside that de- 
partment. Attractive as this might 
seem to those who would be relieved 
of their educational responsibilities, it 
is evident that our engineering depart- 
ments must bear not only the major 
responsibility for engineering educa- 
tion, but also carry the lion’s share of 
the load. We of the Physics Division 
can well direct our planning effort to 
help them do this. 
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THE ENGINEER AS MANAGER 


JOHN B. RAE 
Associate Professor of History 


The Massachusetts Institute of Technology, Cambridge 39 


This article is based on a study which has been assisted by grants 
from the Sloan Research Fund of the School of Industrial Management 
at M.I.T., the Research Center in Entrepreneurial History at Harvard, 
and the Social Science Research Council. 


The proper place of the engineer in 
the management of business is a ques- 
tion which has grown in the last few 
years from being merely important to 
being highly critical. American in- 
dustry today is faced with two acute 
shortages of talent: the highly pub- 
licized shortage of engineers and a 
less well known but equally serious 
shortage of good executives. 

The two interact on each other, 
since industry has habitually recruited 
a substantial part of its managerial 
personnel from the engineering pro- 
fession, and this propensity has in- 
creased in volume as industry has 
grown more complex technologically. 
In the fields of manufacturing, min- 
ing, transportation, and public util- 
ities, engineers constitute the largest 
single group in the ranks of manage- 
ment, even if we limit ourselves to the 
higher echelons and ignore the routine 
supervisory posts. 

It is a very simple matter to demon- 
strate that a great many engineers are 
business executives, some of them con- 
spicuously successful. Analyzing the 
implications of this situation is not 
quite as easy. Obviously, in an era of 
rapid technological change the func- 
tions and responsibilities of the tech- 
tician are bound to expand, but do en- 
gineers in fact go into management pri- 
marily to fill a clearly defined need for 
executives with their type of training? 
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There are other possible explana- 
tions: one, suggested by some of my 
engineering colleagues, that the re- 
wards of management are greater than 
those of the strictly technical posi- 
tions. Another urges that the individ- 
uals qualified for leadership will rise 
to the top anyway and the engineer- 
ing profession contains as large a pro- 
portion of such individuals as any 
comparable group. 

These are problems involving such 
a complex of human variables that it 
may seem futile to try to solve them; 
yet they are worth examining with 
some care. Any answers that are sug- 
gested will necessarily be tentative, 
but they may throw some light on 
how industry can make the most ef- 
fective use of its engineers. 


What to Do? 


In view of the existing acute short- 
age, we might inquire first whether 
engineers should be in management 
at all. Perhaps they should not be 
diverted to non-engineering tasks, but 
where does one draw the line? I have 
seen the suggestion made in all seri- 
ousness that engineers should be used 
only in design and research, but this 
idea seems to rest on a naive and over- 
simplified concept of the engineer's 
functions. 

A good many engineering opera- 
tions extend considerably beyond de- 
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sign and research. They involve put- 
ting ideas into action, and ordinarily 
can be carried out best by having the 
trained technician supervise the work 
of others. To employ engineering 
talent in this way would appear to be 
an economical rather than a wasteful 
utilization of a scarce commodity. 

There is, moreover, the question of 
what learned circles like to term “com- 
munication.” If we take all our 
trained engineers and put them in a 
corner by themselves to concentrate 
on research and design, then who is 
to decide what is to be done with the 
results of their studies? 

Certainly not the technical experts 
alone, because modern business man- 
agement has to weigh a complex of 
factors, including, to quote a recent 
interview by Alfred P. Sloan, himself 
a conspicuous example of the success- 
ful engineer-executive, “responsibility 
for the impact of its decisions, at the 
policy level, upon society as a whole.” * 
It is a situation analogous to Clemen- 
ceau’s dictum that war is too impor- 
tant to be left to the generals. 

Nevertheless, while technological 
factors may not be the only compo- 
nent of decisions on business policy, 
they are certainly a vital one, and the 
only way to be sure that they are be- 
ing properly evaluated is to give the 
technologists a part in the decision- 
making process. Otherwise there is a 
very grave risk of the engineers and 
the executives being unable to under- 
stand each other (this is all that is 
meant by “communication” ). 

In short, to put engineers into man- 
agement is both a proper and a neces- 


1“A Look at the Career of Alfred P. 
Sloan, Jr.,” General Motors Engineering 
Journal, vol. 3, no. 1 (Jan—Feb. 1956), pp. 
10-11. 
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sary use of engineering talent, made 
so by the nature of modern industry. 
If our society is to remain dynamic, 
industry must keep abreast of tech- 
nological change; it cannot afford 
either ignorance or misunderstanding. 


Increasing Technology 


This is not offered as an original 
discovery, but it can stand repetition. 
One of the major factors in the growth 
of American industry to its present 
eminence has been its receptiveness 
to new technological developments, 
and this receptiveness has been due in 
large measure to the presence of men 
with technical aptitude and under- 


standing in positions of responsibility. 


Suppose we name a few: Westing- 
house and Swope in the electrical in- 
dustry; Sloan and Chrysler in the auto- 
mobile industry; in railroading—a wide 
selection from J. Edgar Thomson and 
Grenville Dodge to L. F. Loree and 
Ralph Budd. 

This list could be extended indef- 
initely, but these samples should illus- 
trate the point. We must not permit 
the present shortage of engineers to 
blind us to the needs of industrial 
management. 

With a technology whose complex- 
ity is increasing at a geometric rate, 
amateur judgments and cut-and-try 
methods, no matter how well-inten- 
tioned, simply will not do. The skills 
and training of the engineer are needed 
just as much in the direction of indus- 
try as they are in technical operations. 


How Widely? 


Even if it can be conceded that 
engineers are an integral element of 
business management, however, it 
does not follow that they should be 


used indiscriminately in executive 
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roles. Just as there are some man- 
agerial functions which can best be 
performed by engineers, there are 
others which ought to be left to in- 
dividuals with different kinds of 
education and training. 

There will always be exceptional in- 
dividuals to whom this limitation can- 
not and should not be applied, but in 
general it is inadvisable for engineers 
to be utilized for positions or duties 
which can be performed just as well 
by someone else. To put it positively, 
engineers should appear in manage- 
ment only when and where their par- 
ticular aptitudes are needed. 

As far as the time element is con- 
cerned, one point to stand out clearly 
is that technical men have ordinarily 
played a major part in the founding 
of new industries. (I use the expres- 
sion “technical men” because the engi- 
neering profession, except for civil 
engineers, cannot be said to have ex- 
isted in American society until some 
time after the Civil War.) The his- 
torical pattern is quite consistent, and 
understandably so. 

In the launching of a new enterprise 
in which the initial problem is to de- 
sign a product that will satisfy the 
requirements of the market, present or 
prospective, and then to manufacture 
it at a cost that allows it to be sold 


| profitably, much of the responsibility 


must rest on the man with the techni- 
tal know-how. This process goes 
back in American experience at least 
to Samuel Slater and Eli Whitney, and 
itcan be seen today in, for example, 
the mushrooming of small electronic 
equipment companies. 

Once this initial stage has been 
passed, the pattern of mangement be- 
comes much more complicated and 
dificult to follow. After an industry 
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has survived the perils of childhood 
and begun to grow, the problems of 
finance, organization, marketing, and, 
in recent times especially, industrial 
relations are likely to overshadow 
technological matters and bring to the 
fore executives whose training and ap- 
titudes lie in these areas. 

When a level of stability has been 
reached so that even a minor technical 
improvement can mean a major com- 
petitive advantage, however, then the 
importance of the engineer rises again. 
General Motors might be used as an 
illustration: its component companies 
founded by technicians like Buick, 
Olds, and Leland; combined by 
Durant, the promoter; given a sound 
financial structure by Storrow and 
Pierre du Pont; and made into a 
smooth, efficient organization by 
Sloan, the engineer. 

There are, however so many varia- 
tions between industries and between 
firms in the same industry that any 
generalization is bound to be risky. 
At times it seems that in any given 
business organization the question of 
whether the top executives are to be 
engineers or not is decided as much by 
habit or accident as by anything else. 
It is impossible to account otherwise 
for some of the situations encountered 
in studying the role of engineers in 
management. 

For example, the presidents of the 
Pennsylvania Railroad have almost 
without exception been engineers, 
while those of the New York Central 
almost invariably have not. Or again, 
for the head of a chemical company 
to be other than a chemist or chemical 
engineer would be unusual, but metal- 
lurgists and mechanical engineers are 
seldom to be found at the top in the 
steel industry. 
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No Exact Pattern 


On the basis of the information now 
available, it is impossible to establish 
a pattern that will determine accur- 
ately when engineers should predom- 
inate in management and when they 
should not. Perhaps it is just as well, 
since arbitrary standards are an inade- 
quate substitute for common sense. 
At the same time, a reasonable fore- 
handedness would call for a business 
organization to evaluate the qualifica- 
tions of potential executives in the 
light of the organization’s probable 
needs, and whatever data could be 
compiled from previous experience 
would be exceedingly useful for this 
purpose. 

The same consideration applies to 
the question of what levels of man- 
agement can be most appropriately 
occupied by engineers. When we are 
dealing with human factors, we can- 
not expect to have a precise cut-and- 
dried formula to solve all our prob- 
lems for us. Specifications can doubt- 
less be drawn up that will allow minor 
administrative posts to be filled with 
some degree of assurance, but as we 
move up the ladder the intangibles 
accumulate noticeably. 


Variables Intangible 


For one thing, in a large business 
concern the point at which final deci- 
sions are made will not necessarily 
show on the organization chart. We 
need to know in each case the struc- 
ture of the particular firm and the na- 
ture of the personalities involved. 

To give a specific illustration, in 
1955 I had the privilege of attending 
the Educators Forum held by the 
Ford Motor Company. At one of the 
sessions the question was asked 
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whether final authority on company 
policy was vested in Mr. Henry Ford 
II, the president, or Mr. Ernest Breech, 
the chairman of the board. 

The answer, given by Mr. Ford, was 
that the two worked in such close co- 
operation that in practice the issue 
had never come up. Substitute in the 
same organizational structure two in- 
dividuals with somewhat different 
temperaments, and the issue would 
most assuredly have arisen long be- 
fore now. 

It is therefore quite impossible to 
select any one place in the executive 
hierarchy and say that this is where 
technological decisions ought to be 
made and consequently this is where 
the engineers belong. Besides the 
matter of personality, the infinite vari- 
ety of business operations precludes 
any abritrary generalization. 

For instance, should engineers get 
into sales? That depends in part on 
what is being sold. The recently pub- 
lished study of Bucyrus-Erie? points 
out that that concern’s sales force has 
considered its members to be “excavat- 
ing engineers,” fully competent to pre- 
scribe the equipment necessary for 
any excavating job. The “sales engi- 
neer” is a familiar enough figure in 
the field of marketing. 

Yet even concerns making highly 
technical equipment show consider- 
able variation in staffing their sales 
forces. Some convert engineers into 
salesmen. Others feel that better re- 
sults are achieved by taking men with 
sales training and aptitude and giving 
them enough technical information to 
do their jobs. 


2 Designed for Digging. By Harold F. 
Williamson and Kenneth H. Myers IL 
Northwestern University Press, Evanston, 
Tll., 1955. 
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These borderline situations could be 
multiplied indefinitely without dem- 
onstrating anything more than the ad- 
visability of using common sense in 
personnel matters. The vital issue in 
this discussion lies at the upper level 
of management: how large a share 
should engineers have in the formula- 
tion of business policy? 


In Policy? 


In view of the evidence we have 
about the substantial representation of 
engineers among the heads of major 
business concerns, this question may 
seem hardly worth discussing. Yet 
this situation has not always existed 
and it could change again. The role 
that the engineer is assigned can de- 
pend on some quite intangible and 
variable factors. 

A hundred years ago an engineer 
at the head of a business organization 
was a rarity. There were, of course, 
considerably fewer engineers in pro- 
portion to the total population and the 
technology of industry was less com- 
plicated, but this is not the whole 
story. Engineering was not a recog- 
nized profession, and most engineers 
were classed socially as “mechanics.” 
The sole exception was the field of 
civil engineering, where the fact that 
many of its practitioners were West 
Pointers apparently bestowed a higher 
social status. 


Social Standing Prerequisite 


What this condition meant can be 
seen in the qualifications that the Bos- 
ton Associates—the Lowells, Apple- 
tons, and Lawrences who were the 
frst group in the United States to or- 
ganize textile manufacturing as a 
large-scale enterprise—wanted in their 
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agents (general managers). Not only 
were executive ability and knowledge 
of human nature rated ahead of me- 
chanical training, but so was social 
standing. 

In fairness to the Associates, it 
should be added that their attitude 
was not one of pure snobbery. They 
believed that a man with intensive 
mechanical training or experience was 
likely to be so wedded to his tech- 
niques as to be unreceptive to new 
ideas and methods. 

Perhaps they exaggerated the dif_i- 
culty, but it must be acknowledged 
that they did put their fingers on what 
is still a tender point in the education 
of engineers—the development of crea- 
tivity and originality. In any event, 
this subordination of the technician 
has been a persisting tradition in the 
textile industry, and it is reasonable 
to assume that it has had some rela- 
tionship to the rather sluggish techno- 
logical pace of that industry since the 
first great rush of innovation. 

Indeed, a good case can be made 
that the absence of technologically- 
minded management has _ brought 
about the very reluctance to experi- 
ment that the Boston Associates hoped 
to avoid by keeping the “mechanics” 
in their place. For example, the most 
conspicuous textile innovation of our 
time, the development of synthetic 
fabrics and fibers, came from outside 
the textile industry altogether. 

This, however, is an exceptional 
case. By and large the American en- 
gineer has been granted all the pro- 
fessional and social status that he 
could want. By way of comparison, 
only three years ago a British writer 
took the British engineering industries 
to task for failing to use technological 
talent in management and said, 
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“Indeed, I believe that the matter of 
status is the root of our problem; the pro- 
fession of engineering here lacks the 
prestige of the liberal professions. This 
in turn affects the prospects of those in 
the profession and influences the quality 
of the new entrants to it; in the United 
States (for example) the engineer is at 
least the peer of any other professional 
man, and the profession as a whole is 
well regarded by the public and a good 
ladder in the material scale.” ? 


It may well be that in the United 
States we have now reached the stage 
of overrating the engineers, in partic- 
ular endowing them with managerial 
qualities which as a group they do not 
necessarily or actually possess. As a 
people we have been impressed, quite 
understandably, with our remarkable 
technological achievements, and we 
are disposed to assume that technical 
“know-how” will provide a solution 
to any problem. 

We need to bear in mind that the 
great influx of American engineers 
into management during the last fifty 
years, while principally a response to 
a period of rapid technological ad- 
vance, also coincides with the growth 
of great business concerns whose own- 
ership is widely dispersed and whose 
management has had to be put into 
the hands of salaried executives. In 
the absence of a professional man- 
agerial class, business drew upon the 
vocations where it could find men 
whose training provided some of the 
needed qualities. 

To some extent, therefore, engineers 
have been converted into executives 
less because they were the best pos- 
sible men than because they were the 


3 Bosworth Moncks, “The Eclipse of the 
Engineer in Management,” Engineering, vol. 
178 (Sept. 10, 1954), p. 332. 
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best available material. It may be 
that as more of the products of grad- 
uate schools of business administra- 
tion and industrial management take 
their places in the administrative hier- 
archy, the demand for engineers in 
management will diminish. 


Leaders Still Needed! 


It will not diminish very much, 
though, and certainly not enough to 
keep engineers out of positions of in- 
dustrial leadership. For one thing, in- 
dustry’s need for informed judgment 
to keep abreast of technological change 
is constantly growing, and this need 
can be filled only by individuals with 
adequate training in technology. 

For another, first-class executives 
are too hard to come by for business 
to disregard any possible source of 
talent. Testimony to this effect could 
be accumulated endlessly: it is more 
than adequately summed up ina state- 
ment by Paul W. Litchfield, whose 
career has combined in an unique de- 
gree the qualities of the engineer and 
the business man. 

“Beyond any other single factor,” he 
says, “men are the key to the success 
of any business house, and their selec- 
tion, training and direction is the big- 
gest responsibility resting on the heads 
of business. I think I have spent more 
time on personnel than on any other 
phase of business.” ¢ 

The contributions of the engineer- 
ing profession to industrial leadership 
both in quantity and quality are suffi- 
cient to guarantee that business will 
continue to regard the profession as 
an indispensable source of managerial 
talent. Furthermore, this free inter- 


4 Industrial Voyage (Doubleday and ©o., 
Garden City, New York, 1954), p. 120. 
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PROJECTS FOR 


INDUSTRIAL ENGINEERING STUDENTS 


Projects offered for senior students in 
industrial engineering at North Caro- 
lina State College are a part of our 
senior seminar, which involves a one 
credit hour course in the first semester 
and another in the second semester of 
the senior year. We devote the first 
semester to talks by outside people 
and to discussions by College people 
on various aspects of engineering and 
placement activities. 

During this semester the student is 
also selecting a project, which he will 
carry out during the first and second 
semesters, and report on in the sec- 
ond. He turns in a comprehensive 
report at the end of the session, and 
during the course of the second se- 
mester presents a brief oral report to 
the class. 

For this purpose we must keep the 
classes down to a reasonable size in 
order to give each boy a fair chance 
to present his material. Thus the 
classes will run 20-25 members dur- 
ing the second semester, although 
during the first semester we gather all 
of the groups together and have an 
audience of perhaps 50 to 60. 


Project Aspects Successful 


The project aspect of the course 
seems to have been particularly suc- 
cessful this past year. We require the 
student to pick his title and clear it 
with the instructor by the first of De- 
cember. Before the end of the first 
semester each man must turn in an 


R. G. CARSON, JR. 


Head, Industrial Engineering 
North Carolina State College, Raleigh 


outline which indicates he has looked 
into the subject sufficiently well to 
know that it is something he can ac- 
complish, and to outline his general 
approach. This is a part of his first 
semester grade. 

As a matter of fact, many of the 
boys go ahead and complete their 
project during Christmas holidays or 
between semesters and turn it in as 
part of their second semester work. 
As far as possible students pick their 
own projects with little or no help. If 
it is necessary to make arrangements 
for inspecting a plant, the students do 
this too. We are of course willing to 
assist if need be, but we encourage 
them to do their own negotiating. As 
a result, a good many students make 
arrangements with plants in their local 
communities. Some, however, have 
gone to places where they were com- 
plete strangers, made very satisfactory 
contacts, and have done excellent jobs. 


Subjects Varied 


Below is a list of some of the proj- 
ects for the current year: 


Survey of IE graduates. 
Travel charting as applied to the 
Southern Engineering Company. 
Study of college-owned car utilization. 
Fatigue (this was a library study). 
Bibliography of time-motion study, 
wage incentives in the textile in- 
dustry. 

Study of soap-making in the State 
prison. 
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Preparation of slides and script to pre- 
sent Industrial Engineering for high 
school career days. 

Study of registration procedure for 

students at N.C. State. 

Automation (library study). 

Operations research (library study). 

Cost of preparing a meal at the Gas- 
ton Country Club. 

Plant layout for lingerie manufacture 
(Shadowline Corporation ). 

Feasibility of using an automatic caser 
in a large pickle plant. 

Layout of paint manufacturing de- 
partment in State prison. 

Multi-story vs. single-story warehous- 
ing—cost and utilization study. 

§mall Company vs. Large Company 
as a place for the IE to work. 

Study of our Machine Tools course, 
including a survey of such courses in 
IE departments all over the country. 

Manufacture of cigarette paper in 
North Carolina. 

Guaranteed annual wage (library 
study ). 

Cost project of men’s hosiery in small 
hosiery mill. 

Plastic coat hangers—manufacturing 
processes study. 

Profit sharing and retirement at North 
Carolina Equipment Company. 

Cost of laundering a white shirt in the 
College laundry. (It is amazing 
what a study like this can turn up). 

lnventory control for the Long Manu- 
facturing Company. 

Hiring the handicapped (library 
study ). 

Simplified three-dimensional models 
for plant layout use. 

Standard data for Leesona Winding 
Process. 

Methods and layout for the Wilson 
Welding Company. 

linear programming—a tool for indus- 
trial engineers (library study). 
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Suggestion systems. 

Merit rating of disabled employees 
(related to graduate project in psy- 
chology ). 

Plant layout and engineering economy 
study of one department in a small 
plant. 

Production control in gray goods tex- 
tile plant. 

Automation-feedback systems. 

Use of industrial diamonds in grind- 
ing applications. 

Materials handling in a furniture plant. 
Automobile maintenance at the Caro- 
lina Power and Light Company. 
Warehousing of bus bodies to smooth 

out seasonal production. 


All but one of these are different 
topics from those used in previous 
years. Some of the reports have been 
really excellent. Most of the industry 
people request copies of reports that 
deal with their plants, and have sug- 
gested a few for publication in our 
student engineering magazine. We 
plan to make use of several papers in 
other ways, such as the survey of 
graduates and the study of our Ma- 
chine Tools course. 

When the students choose their own 
projects, they usually select ones in 
which they are interested, and most of 
them do a great deal of work beyond 
that normally expected. Of course 
students make mistakes and of course 
they must have some guidance; one of 
the most common errors is to take on 
a project which is more comprehen- 
sive than time will allow. We must 
often help define the subject realis- 
tically, and place narrower limits on 
it than had been originally intended. 

Some projects, however, can be 
really practical and result in substan- 
tial dollar savings. For example, the 
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HOW CAN WE ENCOURAGE 
ENGINEERING STUDENTS TO THINK? 
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Most engineering educators agree 
that it is important for their students 
to learn to think for themselves. Yet 
many of these educators, though they 
firmly believe this to be a noble ob- 
jective, do not actually create an at- 
mosphere in which thinking can oc- 
cur. Their courses are so jammed with 
factual material that the student has 
little time to reflect upon the implica- 
tions of this material, or upon the 
manner in which it is interrelated. 
Many seem to operate on the theory 
that if students are placed in an en- 
vironment of factual material and lab- 
oratory apparatus, thinking will result 
automatically. 

To some extent this is true, perhaps, 
but surely the engineering instructor 
should go about this task in a more 
positive and vigorous manner. This 
paper will attempt to suggest some 
ways by which the teacher, in prepar- 
ing for a class, in writing or selecting 
a textbook, in constructing an exami- 
nation, or in planning a laboratory ses- 
sion, can encourage students to think. 


The Classroom 


First consider the classroom. Here, 
the instructor should not consider it 
beneath his dignity to show his stu- 
dents how to study the subject matter 
at hand. He could, for example, easily 
demonstrate how to study the text- 
book by occasionally reading a selec- 


tion during class, stopping at the end 
of each paragraph to summarize in a 
nutshell the essential ideas contained 
therein. He would then relate these 
ideas to others previously developed 
in the text, and to the everyday ex- 
periences of the student or to know- 
edge provided in previous courses. 

In other words, the instructor, by 
oral demonstration, would try to sim- 
ulate the thought processes that should 
take place in a student’s mind as he 
studies his text. He would, at the 
same time, be indicating to the stu- 
dent that, for effective learning, ideas 
should not be attached to his mind 
like a string of beads, but should be 
interwoven into it like a sturdy fabric. 

By similar oral demonstrations, the 
instructor might attempt to simulate 
the thought processes involved in solv- 
ing a problem or in deriving a law 
or formula. Many students will be 
amazed to discover how little they 
are actually extracting from their stud- 
ies and how much material is hidden 
“between the lines.” 

What teacher has not had a stu- 
dent, after failing an examination, 
complain in this fashion: “But I read 
the text, worked all the problems, and 
thought I knew the stuff!” This stu- 
dent is reading his text as if it were 
a popular novel. He does not realize 
that study is not a passive activity- 
that it involves active participation 00 
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his part. The college instructor can- 
not assume that students will come to 
him out of high school with effective 
study habits; nor can it be assumed 
that the student will acquire correct 
study habits on his own. 

Encouraging students to think can 
be greatly facilitated by wise selection 
of subject matter for assignments and 
for classroom treatment. First the in- 
structor should select those principles 
which: he considers most fundamental 
and important. 

No more principles should be in- 
cluded in his syllabus than the aver- 
age student can gain a thorough un- 
derstanding of in the time alloted. Ex- 
amples, special cases, and practical 
applications should all be focused 
upon these fundamental principles. 
learning the interrelationships be- 
tween these various items should be 
considered an important part of the 
course content. 

To illustrate how a shift of empha- 
is on subject matter can produce the 
desired result, consider two alterna- 
tive approaches to the familiar ideal 
gas laws. In the first method, let the 
student first be introduced to the 
formula, 


PV = NRT. (1) 


let him then be exposed successively 
to the ideal gas formulas: 


T; Ts (2) 
(constant mass) 
(constant mass and temperature) 
Py. 
Ts (4) 


(constant mass and volume) 
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(5) 
(constant mass and pressure). 


No particular effort is here made to 
show that the five formulas are inter- 
related. Next, the student is assigned 
problems with emphasis placed on 
ability to select the appropriate one 
of the above five formulas, substitute 
numbers therein, and obtain an an- 
swer. The student is asked to commit 
each of these formulas to memory. 

In the second method of approach, 
let the student, as before, be first in- 
troduced to the general gas law PV = 
NRT. In this approach, however, let 
considerably more attention be fo- 
cused upon this one law, strong em- 
phasis being placed upon how the law 
was deduced, the meaning of the sym- 
bols involved, the various possible 
combinations of units that could be 
employed, the meaning of an ideal 
gas, and the conditions under which 
the law is valid. 

As exercises, the student is then 
asked to derive from this gas law the 
other four relationships mentioned 
above. He is assigned numerical 
problems and asked to solve them in 
terms of PV = NRT. He is asked to 
memorize only this one law. The 
reader can decide for himself in which 
of the above cases the student is more 
likely to gain a thorough understand- 
ing of the behavior of ideal gases. 

Consider another example that 
might arise in general physics or in a 
basic electrical engineering course. A 
typical problem assigned the student 
is to calculate the value of shunt re- 
sistor that would convert a given am- 
meter of known resistance into an- 
other ammeter of different range. 

A standard practice is to have the 
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student memorize a specialized for- 
mula: 


into which he substitutes the given in- 
formation and solves directly for Rg. 
This method is fast and efficient and is 
fine for situations where many routine 
calculations of R, are to be made. 

The problem, however, can also be 
treated in terms of a simple parallel 
circuit and can be solved easily with 
basic principles and without the aid 
of a specialized formula. The method 
involves an understanding of parallel 
circuits and an understanding of the 
nature of ammeters. Both are desir- 
able. What a shame not to take ad- 
vantage of such an opportunity to il- 
lustrate the application of fundamen- 
tal circuit concepts! 


Derivations 


One of the most powerful ways of 
knitting together the various facts and 
principles included in any technical 
course is that of deriving laws and for- 
mulas. All too frequently instructors 
will include derivations in reading as- 
signments but ignore them in class 
discussions and on examinations. Soon 
the student begins to ignore them, too. 

There are, of course, many deriva- 
tions which involve so many unfamil- 
iar and extraneous ideas that they are 
best avoided. What the instructor 
should capitalize upon is the deriva- 
tion which proves something in terms 
of principles previously developed. 

In addition to interrelating the vari- 
ous elements within his course, the en- 
gineering instructor should make an 
earnest effort to link his course with 
others which precede or accompany it. 
This will enrich all courses involved. 
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In particular, the instructor should ac. 
quaint himself with the mathematical 
background of his students and make 


_ full use of it wherever it is appropriate 


to do so. Many instructors will steer 
away from the calculus whenever they 
can avoid it. This is not good! If it 
is worth while for engineering stu- 
dents to spend a year of their time 
studying calculus, it is certainly worth 
while for them to make use of it in 
succeeding courses. It is a powerful 
tool in almost any engineering subject. 


Class Questions 


Another way to stimulate thinking 
in the classroom is to draw the student 
into the act as much as possible. He 
should be given every encouragement 
to ask questions, or to make pertinent 
comments. The instructor should fre- 
quently inject thought-provoking ques- 
tions into the discussion to set the 
wheels of thought in motion. It is es- 
pecially effective to close the discus- 
sion with a good stimulating question 
for which the students are asked to seek 
an answer by the next class meeting. 

In order to achieve active participa- 
tion by students, it is necessary that 
classes be kept reasonably small. With 
the prospect of heavy increases in 
student enrollments, many engineer- 
ing colleges are contemplating greater 
use of large lecture sections, closed- 
circuit television, and other mass-pro- 
duction devices. 

While these methods of teaching 
have a place in our educational sys- 
tem, they cannot effectively replace 
small classroom sections where lively 
discussion and “give and take” be- 
tween students and instructor are pos- 
sible. True, our country is in dire 
need of scientists and engineers. But 
will sacrifice of quality for quantity 0 
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our educational program solve this 
problem? 

To obtain both quality and quantity 
of scientists and engineers, the Amer- 
ican public must be made fully aware 
of their financial responsibility. Edu- 
cators should not lull the public into 
believing that mass production meth- 
ods in education will solve the problem. 


Textbooks 


Another area to be considered, if en- 
couraging students to think for them- 
selves is to be our goal, is the textbook. 
In this area there is much need for im- 
provements. Too many textbooks are 
written like encyclopedias. The main 
purpose of the author seems to be to 
compile a catalogue that is all-inclu- 
sive, that leaves no stone unturned. 

In reading many texts one gains the 
impression that they are designed to 
supplant the instructor rather than to 
serve as an aid to him. Formulas, 
hundreds of formulas, are often given, 
me for every type of problem that the 
student is expected to solve. The in- 
structor often is at a loss to find mate- 
ial for his students to derive on their 
own; the textbook has already derived 
everything. C.J. Overheds ' of North- 
western University comments, “Some 
texts are now so crowded with facts 
that there is litths time for thought. 
The students are left in a near state of 
superficial knowledge characterized as 
wphisticated ignorance.” 

How should a textbook be written? 
To answer this question one should 
futher ask “What is the purpose of a 
textbook?” Primarily it should serve, 
tot as a reference book, but as a guide 
tolearning. It should not merely pre- 
‘ent facts but, in addition, should stim- 


‘Quarter Century of Progress in the Col- 
kge Physics Laboratory,” American Journal 
of Physics, January, 1957. 
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ulate thinking. One way of doing this 
is to inject questions into the reading 
material in situations where the stu- 
dent can supply the answer just as 
well as the textbook could. 

In addition, questions of a thought- 
provoking nature should appear at the 
ends of articles or chapters along with 
the numerical problems. Such ques- 
tions would greatly help the student 
to test his understanding of the sub- 
ject matter at hand. In many in- 
stances, rather than present a proof of 
a law or formula, the text could ask 
the student to prove it as an exercise. 
Many specialized formulas should be 
omitted so that the student is forced 
to solve problems in terms of more 
basic principles. 

If poor textbooks are used in engi- 
neering courses, however, the blame 
does not all rest on the authors’ 
shoulders. The instructor who selects 
a textbook exercises considerable con- 
trol over the situation. The instructor 
or committee should select a book on 
the basis of its worth as a guide to 
learning. He should not be too con- 
cerned if the book which best fulfills 
this purpose has deleted some mate- 
rial which he would like to include in 
his course. He can and should sup- 
plement the text with additional mate- 
rial when necessary. 


The Laboratory 


In searching for fertile ground in 
which to cultivate the thinking proc- 
esses, the laboratory should not be 
overlooked. Here good pedagogical 
practice would certainly call for the 
elimination of the “cookbook” variety 
of experiment in which the student is 
presented with step by step instruc- 
tions to guide him, as a German shep- 
herd dog leads the blind, through every 
physical manipulation and mathemat- 
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ical calculation. Instructions should 
be minimized. 

In many cases, it might be feasible 
merely to present the problem and call 
upon the student to devise his own 
method of conducting the experiment. 
In physics, for example, a student 
might be given a block, a plane, some 
weights, and a spring balance and 
asked to study the laws of friction. 
Naturally, the student would have 
many questions to ask, but that is 
good. It might possibly indicate that 
he is thinking! 


Examinations 


If the engineering teacher intends 
to require a thorough understanding 
of subject matter on the part of his 
students, then his instructional pro- 
gram should be backed up by exami- 
nations which call for the same. The 
examination is a potent force in steer- 
ing students in the desired direction. 

The instructor who tries to encour- 
age comprehension in the classroom 
but merely asks for facts and formulas 
on the examination is likely to fail in 
his endeavor. It must be admitted 
that questions which test for under- 
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standing are more difficult to compose 
than the factual variety. On the other 
hand, doesn’t every phase of good 


teaching offer a challenge to the in- 


structor? 


In Review 


Several ways have been suggested 
by which the engineering teacher can 
encourage students to think for them- 
selves and to gain a thorough under. 
standing of the fundamentals of engi- 
neering. There are doubtless many 
more. If this same theme is carried 
out in the classroom, in textbooks, in 
examinations, and in the laboratory, 
the student is eventually going to sit 
up and take notice. 

He will not be disturbed by realiz- 
ing that in undergraduate studies he 
is covering only a small portion of the 
total body of knowledge, for as the “four 
years” march by he will acquire more 
and more confidence in his capacity 
to learn. With a greater capacity to 
learn, he will become a much more 
tempting prize to industry which, to- 
gether with the graduate himself, 
must bear the responsibility for his fu- 
ture development. 


HARRISON CHOSEN PRESIDENT 


Dr. Edwin D. Harrison, Dean of Engineering at the University 
of Toledo since 1955, has been named President of the Georgia 


Institute of Technology, Atlanta. 


A member of ASEE since 1953, 


Dr. Harrison also served as Chairman of the Ohio Section for 1956- 
1957. He will be the sixth president of the Institute, 


INC 
Wi 
Seco 


Introd 

On 
ginee 
oratol 
ated 
struct 
ineffic 
and si 

Tin 
cover 
dents 
ments 
her 
ness d 
indica 
experi 
Statist 
data o 

repetit 
Alli 
notive 
ipon | 
keture 
tfficu! 
if eng 

cat d 
: lation 
nethor 
ieribec 
tfican 


Vol. 48—No. 1 


0 compose 
1 the other 


> of good 
to the in- 


suggested 
2acher can 
for them- 
igh under- 
ls of engi- 
‘less many 
is carried 
xtbooks, in 
laboratory, 
oing to sit 


| by realiz- 
studies he 
tion of the 
as the “four 
quire more 
is capacity 
capacity to 
nuch more 
which, to- 
e himself, 
for his fu- 


arsity 
orgia 
1953, 


Introduction 


One of the scholastic enigmas in en- 
tineering instruction today is the lab- 
matory course. Treated as a second 
dass course in many colleges and rele- 
sated to the newer, inexperienced in- 
tructors, laboratory exercises are often 
inefficient in the use both of instructor 
and student time. 

Time limits make it difficult to 
over the material adequately. Stu- 
dents often rush to complete assign- 
nents without fully understanding 
their purpose. Periods of enforced idle- 
iss during the collection of data are 
idicative of many exercises in which 
aperimental hardware generate data. 
Statistical analysis of the experimental 
ata often involves long, tedious, and 
repetitious calculations. 

Allied with this problem is one of 
notivation. Students in general look 
ion laboratory courses with less en- 
tusiasm and interest than they do 
ketures or problem-sessions. These 
lificulties, and the dynamic character 
if engineering education today, ac- 
tt the need for a thorough re-eval- 
ution of laboratory instruction. 


Methods 


Where applicable, the group project 
uethod proposed by Johnson,! and 
lie student conference technique de- 
itibed by Gibson? are two sig- 
iifeant contributions to the problem. 


INCREASE LABORATORY EFFECTIVENESS 
WITH GREATER STUDENT PARTICIPATION 


Second Prize, National YET Paper Contest, 1957 


THOMAS H. ROCKWELL 


Instructor in Industrial Engineering 
The Ohio State University, Columbus 


In conducting laboratory exercises by 
conventional means, however, I have 
recognized a boundless source of en- 
gineering creativity and a problem 
area in which it could be utilized. Why 
not let the student participate more 
closely in the preparation and execu- 
tion of the laboratory, and harness his 
energy to combat the dual problem 
of efficiency and motivation? 

It seemed appropriate to initiate the 
experiment in the Methods and Time 
Study Laboratory. The results, to 
date, have been highly satisfactory. 
Under this program, each laboratory 
exercise is assigned to a student whose 
chief responsibility is to assist the in- 
structor in its organization and accom- 
plishment and to suggest ways for in- 
creasing laboratory effectiveness and 
class interest. 

By utilizing the student’s creative 
thinking in “methods engineering” 
each exercise, laboratory courses have 
become dynamic rather than static 
demonstrations of methods and time 
study principles and methodology. 
Students have endorsed this technique 
because it (1) gives them a voice in 
the preparation, practice, and review 
of the laboratory, (2) permits an out- 
let for creative ideas, (3) minimizes 
routine data analysis and clarifies in- 
structions, and (4) provides an oppor- 
tunity for each student to meet with 
the instructor on an informal basis. 
Jrl. Eng. Ed., V. 48, No. 1, Oct., 1957 
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Comparison 


Compared with conventional lab- 
oratory methods, the instructor must 
allow more time to the individual stu- 
dent for discussion of the purpose and 
procedure, but results indicate that 
the exercises are conducted more effi- 
ciently, with a minimum amount of 
clarification of instruction prior to and 
during their execution. Moreover, a 
report is submitted by a student leader 
evaluating each exercise with sugges- 
tions for future improvement. 

In this way, the instructor is able 
to streamline each exercise through 
review of purpose, content, and in- 
struction, providing maximum effec- 
tive use of student and instructor time. 
Lastly, the increased student interest 
and acceptance of the exercises make 
such courses easier to teach and more 
effective as a means of instruction. 


Details 


The particular system recommended 
is called the “student laboratory lead- 
ership program” and consists essen- 
tially of three parts: (1) preparation, 
(2) monitoring, and (3) review. 

Preparation. In the preparation 
phase, the student meets with the in- 
structor, if possible, about two weeks 
before the laboratory is to be held. 
The purpose of the experiment is ex- 
plained, the instructions are carefully 
reviewed and, when feasible, the stu- 
dent runs through the exercise before- 
hand to give him a better understand- 
ing of the work to be done. 

During this preparation phase, the 
student and instructor are perforce 
given the opportunity to discuss the 
student's understanding of the course 
material. This particular phase is of 
course not new to engineering instruc- 
tors who make use of the conference 
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technique in gauging student attitude 
and academic progress. 
Laboratory Period. During the ac. 


_ tual class exercise, the student (with 


the assistance of the instructor if re- 
quired ) explains to the group the pur 
pose of the laboratory and reviews the 
instructions necessary for its accom- 
plishment. This requires that the ‘lab 
leader” fully understand the exercise 
and be able to present it clearly to his 
fellow classmates. 

The “lab leader,” with the instruc- 
tor, then monitors the exercise. While 
not altogether different from the con- 
ference technique, this particular step 
promotes class interest and accept- 
ance. Its effectiveness has been dem- 
onstrated. Fellow students will ask 
the student leader questions which 
they would be reluctant to ask of the 
instructor for fear of giving him a poor 
impression of their ability. Neverthe- 
less, these questions are important to 
their understanding of assignments 
and must be answered. 

It is interesting to note the enthu- 
siasm generated in this phase. Stu- 
dents compete with each other in con- 
ducting “their lab” most efficiently and 
often comment on the thoroughness of 
a particular “lab leader.” 

Review. The final extension of the 
conference method takes place in the 
review phase. When the laboratory 
reports are due, the student leader for 
that particular exercise holds a five or 
ten minute critique with the class. 
Constructive criticism and suggestions 
are encouraged by the “lab leader.” 

He then prepares a report for the 
instructor, evaluating the exercise and 
suggesting methods for increasing stu- 
dent interest and improving labora- 
tory effectiveness. In many cases, 4 
new set of instruction sheets is sub- 
mitted to remove any ambiguities 10 
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the old set. To stimulate the “lab 
leader” in his efforts, his final report 
is given a grade by the instructor on 
the basis of his performance in all 
three phases. To be most effective, 
the final report should also be dis- 
cussed with the instructor. 


Results 


In the year that this experiment has 
been in effect, the “lab leader” reports 
have been gratifying; all have ex- 
hibited creative thinking on the part 
of the student, often producing excel- 
lent suggestions. In many cases, the 
student “lab leaders” have submitted 
detailed drawings of improved lab- 
oratory equipment which has been 
constructed and used in subsequent 
exercises. Suggestions for reorganiza- 
tion of work within a given exercise 
have also facilitated optimum use of 
the class period. 

A specific example will demonstrate 
how student creativity coupled with 
instructor guidance and cooperation 
resulted in a more effective laboratory 
exercise. One of the classic labora- 
tory exercises in Motion and Time 
Study is the use of the standard walk- 
ing pace as a bench mark in rating 
analysis. Considerable difficulty was 
experienced in getting the data col- 
lected and analyzed in the nominal 
time period desired. Much of this 
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was due to the statistical analysis re- 
quired, namely, computation of sam- 
ple statistics, correlation and linear re- 
gression analysis, and conversion of 
walking time to average speed. 

The student “lab leader” redesigned 
the laboratory instruction sheet, rear- 
ranged the data-collection procedure, 
drew up a conversion chart for con- 
verting time to average speed, and de- 
veloped nomographs to reduce the 
time required for routine statistical 
analysis. As a result of these changes, 
more time was allowed for additional 
discussion questions, together with a 
corresponding reduction in the overall 
time to complete the exercise. 

A comparison of student time dis- 
tribution is shown in the table below, 
using average estimates for classes 
before and after the “lab leader’s” re- 
vision of the assignment. 


Conclusions 


In general, the emphasis in this 
whole method of approaching labora- 
tory courses is the encouragement of 
creative thinking by allowing the stu- 
dent to step behind the academic cur- 
tain and become involved in the proc- 
ess of transmitting information from 
the instructor to the class. Too sel- 
dom in his day-to-day engineering 
work does the student get any such 
opportunity to engage in creative ac- 


Old Method New Method 
Approx. Time % of Total Approx. Time % of Total 
(minutes) Time (minutes) Time 

Purpose and instruction 30 10% 15 6.25% 

Data collection 120 40% 90 37.5 % 

Statistical analysis 120 40% 45 18.75% 
Interpretation and discussion 

of results 30 10% 90 37.5 % 

Total 5 hours 100% 4 hours 100% 
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tivity for which the format is flexible 
and ideas are welcomed. 

His task here is not one of mem- 
orization or rote problem solution, but 
rather the organization of ideas in an 
unfamiliar situation. To this extent, 
the technique satisfies a major need 
in the student’s education which is 
often underemphasized. 

This technique has been tried with 
equally good results when the number 
of laboratory exercises and the num- 
ber of students necessitated either two 
or three student leaders per labora- 
tory or the assignment of more than 
one laboratory per student. More- 
over, it can profitably be used as a 
“single shot” method of eliciting stu- 
dent response on established labora- 
tory procedures. 

To be maximally useful, this method 
should be applied on a continued 
basis, regardless of whether the “lab 
leader's” suggestions still offer any 
great improvements. The value to 
the student, as measured by his en- 
thusiasm in participating more closely 
in the laboratory exercises and_ his 
general acceptance of the importance 
of the laboratory, justifies the instruc- 
tor’s additional time and effort. 

For new laboratory courses, this 
method can provide estimates of (1) 
the time necessary to perform the 
work, (2) new equipment required, 
and (3) the extent of redesign neces- 
sary in present equipment. For this 
situation, it is especially necessary for 
the leader to perform the exercise be- 
fore class, and to review critically the 
instructions with the faculty member 
in charge. 


Limitations 


The technique described above is 
not without certain disadvantages, 
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however. Usually the instructor must 
provide more outside class time with 
the students. Depending upon how 
the technique is introduced to the stu- 
dents, it may sometimes elicit more 
“gripes” than constructive criticism, 
or perhaps may even give the impres- 
sion that the instructor is unloading 
his responsibility on the students. 
The instructor must naturally retain 
control of the course, but be willing to 
explain both content and objectives 
to the “lab leader.” Fear of or an- 
tagonism to criticism on the part of 
the instructor would be a natural bar- 
rier to the success of this method. 
Also, experiments to date have been 


done with fourth and fifth year engi-— 


neering students; the technique might 
require modification for use with 
younger, more immature students. 

In summary, the student “lab 
leader” experiment has been gratify- 
ing. The dynamic nature of indus- 
trial engineering methodology de- 
mands laboratory courses which can 
expand to incorporate new develop- 
ments in the field. The ever-crowded 
engineering curriculum demands max- 
imum efficiency in the use of student 
and instructor time. The approach 
presented here is just one way of 
meeting these needs. It is by no 
means the final or perfect answer. 
Variations of this method and other 
teaching techniques must be tried 
continually to meet the needs of sound 
and satisfying broad instruction. 
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The college facilities now existing 
for engineering training in the United 
States are being flooded with a vol- 
ume of students unparalleled in his- 
tory. A glance at the future indicates 
that little relief for this condition will 
be forthcoming; most estimates seem 
to indicate that the growth in engi- 
neering student enrollments will con- 
tinue to outstrip the resultant growth 
in educational facilities. 

These young people have been at- 
tracted by the tremendous outpouring 
of publicity currently being released 
concerning the attractive vocational 
opportunities offered to those receiv- 
ing college training in technical cur- 
ticula. Many authorities dispute the 
accuracy of a great part of this pub- 
licity; they argue that proper utiliza- 
tion of those professional engineers al- 
rady in industry would go a long 
way toward satisfying these touted 
personnel needs. 

This may well be true; however, the 
theory seems to have been utilized in 
practice by very few employers. The 
wublicity continues, attractive posi- 
tions are offered to engineering grad- 
ates, and the annual volume of fresh- 
ian engineers continues to grow in an 
amazing fashion. 

Educators are definitely faced with 
the problem of coping with these ex- 
panding enrollments, then, since no 
nutside relief seems available. Every 
fort must be made to streamline the 
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existing technical curricula in order to 
eliminate all waste motion, without 
sacrificing either quality of instruction 
or educational standards. 

Many theories have been advanced 
on possible methods of reorganization 
and refinement of college curricula to 
expedite effective education of quali- 
fied professional engineers. Many of 
these theories have been put into prac- 
tice, with varying degrees of success. 
Some advances have been made; the 
mere fact that enrollments have 
reached their present level is proof 
of a certain amount of progress. 
Whether quality has been sacrificed 
for quantity yet remains to be seen. 

Most of the efforts to produce in- 
creased efficiency and to streamline 
technical education, however, have 
been directed at the college level; as 
yet, little attention has been paid to 
possibilities for improvement in pre- 
paratory education. Possibly this is a 
mistake; all college students evidently 
must originate in high schools or their 
equivalent. If improvement can be 
made in the quality of secondary pre- 
paration for college training in engi- 
neering, then the college work itself 
might be facilitated. Here is a worthy 
subject for consideration. 


Several Approaches 


There are several possible ways in 
which better guidance in high school 
might be expected to expedite higher 
Jrl. Eng. Ed., V. 48, No. 1, Oct., 1957 
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education. One of the greatest prob- 
lems confronting the educators respon- 
sible for handling entering freshmen 
in engineering is the large percentage 
of these students who lack proper back- 
grounds in such necessary courses as 
mathematics, chemistry, and physics. 

Many of these would-be engineers 
have reached college age without once 
having attempted a technical subject 
in their previous training. They are 
immediately forced to postpone their 
entrance into a true engineering cur- 
riculum, while they spend a few se- 
mesters catching up to the level at 
which they should have graduated 
from their secondary school. 

The result is a definite bottleneck 
of students, creating excessive de- 
mands in this low-college educational 
status. These people may be ex- 
pected to require class room space 
and teaching time for considerably 
longer than the usual eight or nine 
semesters of the bachelor’s degree. 

Another type of student who creates 
a problem for the already over-worked 
educators is the one who is able to 
show “on paper” most of the second- 
ary educational background consid- 
ered necessary for immediate entrance 
into an engineering curriculum, yet 
who is really amazingly weak in this 
preparation. This situation is usually 
the result of graduation from a poorly 
managed or understaffed high school, 
which has been unable actually to 
meet the standards necessary for a 
substantial foundation in_ technical 
subject material. 

Such students are often first en- 
rolled in classes composed of qualified 
high school graduates; then, when it 
is discovered that they are unable to 
compete with their better-prepared 
classmates, they are penalized by low 
grades and are many times relegated 
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to the same educational status as the 
freshmen who have no background at 
all. They, too, will probably be 
forced to spend extra semesters in the 
‘attainment of their degree. 

Still a third type of student who 
may be expected to suffer from poor 
high school guidance is the fellow 
who really is simply not designed for 
a technical college curriculum. Either 
this student is mentally too slow for 
the exhausting demands of engineer- 
ing training, or he is unsuited emo- 
tionally or socially for the rigors of 
technical work. 

This fellow may even have com- 
pleted his high school background 
with a modicum of success; still, some- 
thing may be lacking in his makeup 
which will keep him from achieving 
ultimate success in the engineering 
field of endeavor. If such a student 
is allowed, through inadequate or 
careless counseling in his high school 
years, to continue preparations for 
technical education in college, he may 
suffer considerable agony of mind and 
spirit before he recognizes his mistake. 

He may even manage to complete 
two or three semesters of higher train- 
ing before being forced to modify his 
aims. He will, moreover, add to the 


glut of engineering students during | “ 
ites ne 


this period of decision. 


The three types of freshmen engi- | 


neering students described in the pre- 


complete their education in a reason- 
able period of time and without un- 
due stress or mental strain. However, 
the poorly-prepared students add up 
to an appreciable fraction of that 


whole—and to the cases mentioned in | 


these paragraphs may be added others 


ill prepared for still different reasons. : 
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If such students could be more effi- 
ciently handled, a good many extra 
hours of class demand could be wiped 
from the slate. 

What can be done, then, to stream- 
line secondary education and bring it 
up to the specifications imposed by 
our tremendously expanding educa- 
tional economy? Even the best pre- 
paratory schools may suffer their grad- 
uates to apply for college engineering 
training with some fields of interest 
left unmentioned and with certain 
weaknesses remaining unstrengthened. 
In the present exigency it would be 
extremely unwise to allow this situa- 
tion to continue. Some type of stiffen- 
ing all along the line seems to be 
dearly indicated. 


Counseling 


One of the great weaknesses observ- 
able in many students who enter col- 
kge engineering training unprepared 
for the task confronting them is a lack 
of adequate high school counseling. 
The student may not have been en- 
couraged to make a decision on a 
future field of higher educational en- 
ieavor in time to select proper pre- 
paratory courses. Once having se- 
keted a possible vocation, he may not 
tave been informed of the prerequi- 


tance requirements. He may not, in 


atent and difficulty of this engineer- 
iig program he has elected to pursue. 

All of these symptoms, and many 
tore are evidences of poor high school 
‘unseling. This may not be the fault 
ifthe counselor or of the school which 
‘mploys him. Our secondary schools, 
ike our colleges, are feeing the pinch 
ifover-enrollment. Teachers are be- 


thich they are unprepared. They 
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may be as ignorant of the background 
training required for an entrance into 
engineering studies as are the students 
whom they advise. 

In many cases the counselors need 
help, not censure. The situation def- 
initely does need immediate attention, 
however. Possibly the people respon- 
sible for the later college training of 
these students should indicate to the 
secondary schools regions of needed 
improvement in counseling and sug- 
gest methods of achieving such im- 
provement expeditiously. 

Another definite area of weakness in 
our high school educational program 
is the actual course content being of- 
fered to satisfy background require- 
ments in engineering. Although some 
secondary programs in mathematics, 
chemistry, and physics would appear 
on the surface to satisfy these require- 
ments, a closer inspection would dis- 
close rather wide gaps in necessary 
coverage. 

Again, this situation may not be the 
fault of the instructor or his superiors; 
he and they may be simply unaware 
of the needs of the students. It is for 
someone with a better grasp of the 
overall situation to indicate the steps 
necessary to remedy the deficiencies. 

The American Society for Engineer- 
ing Education is in an excellent posi- 
tion to do something about the regula- 
tion of secondary school preparation 
for engineering training. The ASEE 
is a recognized organization composed 
of members well-versed in the prob- 
lems surrounding technical college 
education. A program approved by 
such an authority and instigated un- 
der the supervision of local members 
of the organization would almost with- 
out doubt receive considerable atten- 
tion and some cooperation from sec- 
ondary school administrators. 


A 
{ 
| | 
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Under such a plan, local ASEE 
members would work in close co-ordi- 
nation with preparatory school staff 
members, supervising the develop- 
ment of adequate counseling services 
for young would-be engineers. Such 
representatives of the Society or engi- 
neering alumni could, to as great an 
extent as desired, provide high school 
faculties with advice on the necessary 
course content for adequate prepara- 
tion in mathematics, physics, chem- 
istry, and related subjects. He could 
also assure himself that the calibre of 
such training would be adequate to 
insure students of a really satisfactory 
background for entrance into college 
educational circles. 

Obviously, such a plan would not 
be possible in all circumstances; some 
high school administrators would re- 
bel violently at such a proposal, while 
others would simply see no need for 
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an arrangement of this nature. Still, 
the improvement which might be ex- 
pected from even a little success 
would seem to make the attempt 
worthwhile. 

The good results of such a program 
would actually be three-fold: an ap- 
preciable burden would be removed 
from our existing college facilities, 
thus rendering them better able to 
cope with the present influx of new 
students; an increased number of 
graduates would be released to satisfy 
the employment demands of industry 
each year, due to the expeditious edu- 
cation of students who might previ- 
ously have been held back by second- 


ary training inadequacies; and the 


American Society for Engineering 
Education would have contributed a 
rather significant service to education 
in the United States. 


PROJECTS FOR INDUSTRIAL ENGINEERING STUDENTS 


(Continued from page 33) 


study of State-owned automobiles in 
one of the major divisions showed 
how to get along with 11 fewer cars 
by using a motor pool. The same 
paper also showed grossly inadequate 
records in a number of respects in 
other divisions. 


Some Library Studies 


All of those listed are not industrial 
projects; a few students for one rea- 
son or another end up doing a study 
which calls primarily for library work 
or for obtaining information from in- 
dustries and other sources through 


personal contact and through letters. 
A few boys are weak and a few do not 
do creditable jobs; I am surprised, 
however, at how few or how small a 
proportion of the whole this group is. 

I am sold on this approach as some- 
thing that belongs in the undergrad- 
uate curriculum somewhere, and I 
think it fits best during the senior 
year. The student then has a chance 
to explore a little more deeply some 
particular subject or phase of activity 
in which he is interested. I think it 
is good for these boys to have a chance 


(Continued on page 55) 
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FILLING THE GAP 


IN ENGINEERING EDUCATION 


Examples for the Solution of Practical Problems 


FREDERICK L. RYDER 


Scientific Research Staff, Republic Aviation Corporation 


At a time when the amount and 
quality of available engineering talent 
are key factors in limiting technolog- 
ical progress, it is particularly distress- 
ing to note that many engineers are 
unable to apply truly professional 
methods to the solution of physical 
problems. This gap in their training 
consists of an inability to apply an- 
alytical techniques, both mathematical 
and intuitive, to cases where a solu- 
tion cannot be obtained by merely 
looking up conventional data or for- 
mulas. Such examples are well worth 
study, however, because they occur 
constantly in practice. 

For convenience, they can be con- 
sidered to fall into the following cate- 
gories: 


1. Problems which are simple, but 
are not specifically treated in readily 
available or conventional literature. 

2. Problems which are difficult to 
handle by conventional techniques 
and approaches, but which yield read- 
ily to properly-chosen special tech- 
niques. 

3, Problems which are difficult not 
because of the mathematics involved, 
but because it takes strong exercise of 
the intuition and thorough physical 
understanding to define them in a 
manner which will allow detailed 
analysis to proceed. 
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4. Problems which are difficult in 
requiring advanced mathematical tech- 
niques. 

We shall not consider or illustrate 
this last type of problem separately, 
first because in many fields it com- 
prises only a small fraction of those 
encountered in practice, and second 
because the required mathematical 
techniques are adequately taught in 
graduate courses. Finally, strong in- 
tuition and physical understanding, of 
decisive importance in the preceding 
types, are also necessary here in order 
to direct the mathematical manipula- 
tions, which are often long and tedi- 
ous, along useful lines. 


What Is the Gap? 
The lack of problem-solving ability 


commonly results in much aimless 
speculation and talking “around” a 
problem, rather than a purposeful at- 
tack with pencil and paper. The gen- 
eral result is, first, that many designs 
are not optimized for their applica- 
tion, and second, that difficulties which 
should be predictable by feasible 
analysis are instead discovered the 
“hard way,” either by expensive and 
time-consuming experimentation, or 
worse yet, after a product is sold and 
in use. 

This paper furnishes examples of 
practical problems of the first three 
types described above, together with 
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their detailed solutions; it shows why 
the typical engineering curriculum 
does not adequately prepare the stu- 
dent to carry out solutions of this 
kind; and it discusses what can be 
done to remedy the situation. 


Examples of Type | 


To illustrate the first type of prob- 
lem mentioned above we may con- 
sider Figure 1, which shows a popular 
device, based on the pendulum, used 
to regale thrill-seekers in amusement 
parks. Gondola G, in which are 
strapped a number of patrons, is 
rigidly connected to bar B, which 
pivots about fixed point P. By ap- 
plying, with the aid of a mechanism 
mounted on P, relatively small torque 
impulses suitably timed to match the 
natural frequency of oscillation, the 
pendulum is set into gradually increas- 
ing oscillation until it passes the up- 
side-down point. 

For safety’s sake the torque im- 
pulses are limited so that the instanta- 
neous tangential velocity in the up- 
side-down position is kept to a very 
small value. The problem is to de- 


center of gravity 


Fic. 1. 
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termine the maximum force acting on 
the passengers, in order to estimate 
physiological effects. The informa- 
tion will also be useful as a prelimi-: 
nary to stress analysis of the device. 
Since the mass of the device and of 
the passengers is relatively concen- 
trated, an obvious simplification is to 
presume that it is entirely concen- 
trated at the center of gravity, which 
has the approximate location indicated 
in the figure. If we further neglect 
the small friction in the bearing and 
the small applied torque impulses, the 
device becomes a simple pendulum. 
By intuition, then, the maximum 
force on the passengers occurs when 


the gondola is passing its lowest point, _ 


and consists of centrifugal and gravi- 
tational force, both directed down- 
ward, the tangential acceleration be- 
ing zero. To find the centrifugal force, 
we must find the velocity of a simple 
pendulum, released from a rest posi- 
tion at its highest point, as it passes its 
lowest point. Conventional elemen- 
tary pendulum theory, which is valid 
only for small deflections from the 
lowest position, will not yield this 
velocity. What to do? 

Suppose we try applying energy 
considerations to the problem. Spe- 
cifically, the potential energy lost in 
dropping from the highest to the low- 
est point equals the increase in kinetic 
energy between the two points. If L 
is the length of the pendulum, M its 
mass, g the gravitational acceleration, 
V the tangential velocity at the lowest 
point, show that 


V? = 4gL 


from which the centrifugal force is 
4Mg. Hence deduce that the total 
force on the gondola and passengers 
corresponds to an acceleration of 5g, 
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roughly half that which causes black- 


out in aircraft maneuvers. 


Type Il 


Next consider Figure 2, which illus- 
trates a problem of the second kind 
mentioned above. The device is a 
transformer having three identical 
windings as indicated. Voltage dif- 
ferences V, and V, are imposed by 
any suitable sources, and it is desired 
to know whether the output V, will 
equal the sum (or difference) of the 
first two voltages, to within a good 
approximation. 
open 
Circuit 


Vs 


q 
N qd 


Fic. 2. 


If so, then the device can be used 
as an adder in an automatic comput- 
ing system. The transformer is pre- 
sumed to be of good quality, with a 
continuous laminated-iron core, and 
the supply voltages are both at the 
same frequency (say 400 c.p.s.) and 
at the same phase. The output ter- 
minals are assumed to be effectively 
open circuited. 

This problem is confusing to the 
average electrical engineer because 
the transformer has two inputs or 
‘primaries” rather than the usual sin- 
gle input winding. This makes it hard 
to fit into the analysis such conven- 


| tional transformer concepts as effec- 


tive series and shunt impedance, turns 
ratio, and referral of impedance from 
one winding to another. 

The writer was amused to be told 
of one case in which attempts at 
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analysis of this problem failed and re- 
course was had to experiment, as a re- 
sult of which transformer after trans- 
former was destroyed through over- 
heating. Let us undertake to analyze 
this device, and perhaps also we can 
explain why overheating occurred dur- 
ing the experiments. 

Because conventional electrical en- 
gineering techniques do not seem to 
apply, we go back to basic electro- 
magnetic principles. Faraday’s law, 
as applied to the present case, states 
that the instantaneous value of in- 
duced voltage in a coil of N turns 
linking y magnetic flux lines is: 


v= kN dg/dt 


where k is a constant of proportional- 
ity and t is time. 

Similarly, Ampere’s law states that 
the magnetomotive force tending to 
produce flux in a coil of N turns is 
proportional to Ni, where i is the in- 
stantaneous value of current. For sim- 
plicity we transform from instantane- 
ous values to r.m.s. values of voltage 
and current, designated as V and I 
respectively. 

At a single frequency the derivative 
above can be replaced by the r.m.s. 
value of flux, namely ©, provided the 
value of k is adjusted to take the fre- 
quency into account. Now we reason 
that the flux leakage from the core is 
small because the core permeability is 
very high, so that essentially only one 
value of & exists throughout the core. 
Hence if we ignore the relatively small 
series impedances of the windings so 
that induced voltage is equal (and 
opposite) to applied voltage, we get 


Vi = V2= V3 = kN® 


where considerations of polarity have 
This 


been ignored for convenience. 
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is certainly different from the result 
we hoped for, namely that V, would 
be the sum of V, and V,. Further, it 
suggests that V, and V, cannot be dif- 
ferent. What happens, then, if we at- 
tempt to force V, and V, to take on 
different values? 

Answer: in this case we cannot ig- 
nore the small series impedances; in 
fact they must, by virtue of large cur- 
rents flowing through them, set up 
voltage drops which will satisfy the 
terminal voltages while the induced 
voltages satisfy the above relationship. 
This explains the overheating ob- 
served in the experimental investiga- 
tion of this problem. 

As for Ampere’s law: applied to the 
present case it dictates that the sum 
of the magnetomotive forces contrib- 
uted by the two input coils is the 
value necessary to maintain flux in the 
core. With a high-permeability, low- 
loss core this value is very small, say 
zero. As an exercise, the reader may 
check that, with definite values of ap- 
plied voltage and series impedance in 
the two input windings, Ampere’s law 
is necessary to define the two currents 
and the common flux and induced 
voltage. 
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The final problem will be of the 
third type described above, which re- 
quires considerable intuition and phys- 
cal insight for the solution. It involves 
an automobile rounding a curve on 
level ground while accelerating or de- 
celerating. It is commonly stated 


that, at a given velocity, acceleration 
is beneficial in terms of safety and 
passenger comfort, and deceleration 
detrimental. 

The reader may imagine that he is 
an automotive engineer who has the 
practical problem of investigating this 
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phenomenon in detail, in order to 
make better decisions and evaluations 
relative to car performance. 
presumably be necessary to consider 
only instantaneous conditions, since 
the change of velocity resulting from 
acceleration or deceleration can be 
taken into account separately. 

The first task is to determine the 
kinematic path of the automobile. 
Assuming for convenience a circular 
path, and stipulating that there shall 
be no side-slip at any wheel, we draw 
circular arcs tangent to the two rear 
wheels (whose plane is fixed relative 
to the car), as in Figure 3. The cen- 
ter of rotation must be on the line nor- 
mal to these wheels, say at P. 

Assuming that the front wheels 
swivel about their vertical axes and 
are the same distance apart as the 
rear wheels (these conditions are ap- 
proximately fulfilled in practice), we 
draw each wheel normal to a line from 
P and then draw the appropriate cir- 
cular arcs, thus defining the kinematic 
path. The steering mechanism is de- 
liberately constructed so as to satisfy 
the requirement for different angular 
deflections of the front wheels. 

Next we consider forces. The cen- 
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trifugal force C is shown, acting ra- 
dially outward through the center of 
gravity. The tangential inertia force 
Ais shown in the direction resulting 
from positive acceleration. The pro- 
pulsion force may be considered as 
applied to the rear wheels by the 
ground; it is equally divided between 
the rear wheels as a result of the ac- 
tion of the differential transmission, 
leading to the single resultant F lo- 
cated as shown. 

The total force resisting side-slip at 
both rear wheels is N. The forces re- 
sisting side-slip at the front wheels are 
radial and therefore not co-linear; by 
intuition, however, they can be com- 
bined, at least to a good approxima- 
tion, to give the single resultant M, 
located and directed as shown. Obvi- 
ously the combination of propulsion 
and side-slip forces into single re- 
sultants where possible will help to 
simplify the analysis. 

The above discussion of forces is 
based on considering the automobile 
as concentrated at its center of grav- 
ity. Actually the car has the moment 
of inertia mr? about this point, where 
m is mass and r radius of gyration. 
The inertia torque required to resist 
the angular acceleration e@ resulting 
from F is then mr*a. 

How can we relate this to inertia 
foree AP The latter equals ma, where 
ais tangential acceleration, which by 
Figure 3 equals a R? +1, where R is 
as shown in the figure, the unit of 
length being conveniently taken as 
the perpendicular distance between 
the center of gravity and the rear 
axel. Hence the inertia torque is 
Ar’/VR + 1, and is shown in the di- 
tection opposite to that of the angular 
acceleration resulting from F. 

The reader will recognize that brak- 
ing is not completely simulated merely 
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by changing the signs of F and A, 
since in conventional braking there is 
tangential force at all four wheels. 
This case may be considered separ- 
ately if necessary. 

Now let us think ahead a little. For 
assumed values of C and A, which are 
conveniently regarded as independent 
variables indicative, at least in a gen- 
eral way, of velocity and acceleration 
respectively, we can presumably solve 
for the corresponding values of F, M 
and N. Then we must somehow re- 
late these values to factors influencing 
safety and comfort. 


Solutions 


Hard thinking yields the following 
ideas: 


1. For a given value of C, the re- 
sultant horizontal force on a passenger 
increases with either positive or nega- 
tive values of A, so that A cannot con- 
tribute directly to passenger comfort. 
However, positive A will tend to press 
the passenger backward against the 
seat, thus making it easier for him to 
withstand the effect of C. 

2. If a positive value of A leads to 
an increase in the value of C at which 
M or N just equals the maximum fric- 
tional force which is available to resist 
side-slip at the wheels, then positive 
acceleration is beneficial as regards 
safety, for it helps to avoid skidding. 

3. If a positive value of A leads to 
an increase in the value of C at which 
one of the wheels leaves the ground, 
then positive acceleration increases 
safety in that it helps to avoid over- 
turning. 

4, The above remarks do not take 
the spring suspension system into ac- 
count. The principal effect of this 
system in connection with the present 
problem is to permit the car to tilt 
about its longitudinal axis, thus in- 


rear 
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creasing passenger discomfort and per- 
haps displacing the center of gravity. 


Quantitative Exploration 


The first point above seems to re- 
quire no quantitative investigation. 
To explore the second point we must 
evaluate the ratios M/U and N/V, 
where U and V are the total vertical 
forces at the front and rear wheels 
respectively, as functions of C and A. 

If either of these ratios reaches the 
value of the coefficient of static fric- 
tion between the wheels and the 
ground, dangerous skidding will take 
place. Hence we shall seek the larger 
of these ratios, and shall study how its 
value is affected by A for different 
values of C. 

To explore the third point we must 
evaluate the upward force exerted by 
the ground on each wheel, to deter- 
mine when one of these forces equals 
zero. We can foresee a difficulty here, 
namely that the vertical wheel forces 
are redundant to the first degree—that 
is, equilibrium considerations will 
yield one less equation than needed 
to evaluate the forces—because the 
automobile has one more wheel than 
is necessary for support. 

Hence, in addition to equilibrium 
we must consider the spring suspen- 
sion system. An easy and fairly in- 
dicative way of doing this is to assume 
that all wheels are connected to the 
automobile by identical springs which 
deflect only vertically, by small 
amounts proportional to vertical force. 
The upper ends of these springs re- 
main in the same plane at all times 
since they are fastened to the rigid 
car body. 

Thus a single additional equation 
must arise from the fact that one of 
the upper ends lies in the plane de- 
fined by the other three. The reader 


Vol. 48—No. 1 


should show, either by a well-chosen 
sketch or by the methods of analytic 
geometry, that this equation is as 
follows: 


Urt+ Vi = Vet UL (1) 


where the subscripts R and L stand 
for right and left respectively, so that 
Ur, for example, is the vertical force 
on the right front wheel. We shall no 
doubt need this equation later. 

As to the fourth point above, we shall 
assume that it is of negligible signif- 
icance; if it is not, presumably it can 
be investigated by an extension of the 
methods we shall have to develop to 
explore points 2 and 3. 


We proceed to the calculation of © 


the ratios M/U and N/V. To sim- 
plify the work we shall assume def: 
nite numerical values for the loaded 
automobile, as indicated by the nv- 
merical dimensions in Figure 3. The 
value of R will be left in literal form 
so that we can investigate different 
values of this parameter. The radius 
of gyration r can be estimated at 0.5 
(check that this value is plausible to 
the intuition). Then conventional 
force and moment summations yield: 


F=A(R?+1.25)/RVR+1 
(C+1.254/R)/1.8VR+1 


N=R (0.8C-+0.55A/R)/1.8VR?+1 


To evaluate U and V, we first dis- 
play these resultant forces in a side 
view of the automobile as in Figure 4, 
together with numerical data on the 
location of the center of gravity. The 
appropriate projections of forces pre- 
viously described are shown as well 
as the total weight W, the unit of 
force being conveniently selected so 
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C-AR center of values of R as low as three or so, and 
VR] \ oid tated will find no significant difference in 

front wheels ee rear wheels the general results. 


ground: 


tem 


Fic. 4. 


tht W=1. (The inertial torque 
does not show in this view. ) 

Conventional force and moment 
summations quickly yield the follow- 
ing, in addition to a partial check of 
previous results: 


=[VR?+1+0.5(C—AR)/ 


1.8VR?+1 (2) 
V=[0.8VR?+1—0.5(C—AR) ]/ 
1.8VR°+1 


Let us now simplify the work by 
noting that R is ordinarily many times 
unity (it is shown as relatively small 
in Figure 3 to save space). Since we 
are not seeking precise results but 
rather general tendencies, it is useful 
to investigate side-slip for R = , in 
which case show by suitable manip- 
ulation that 


M/U = C/(1 — 0.5A) (3) 
N/V = C/(1 + 0.6254) | 
Hence we can deduce that, contrary 
to popular opinion, positive accelera- 
tion is dangerous in that it causes one 
of the above ratios to rise above the 
maximum value present in the ab- 
sence of acceleration. Check that 
negative acceleration (caused by 
equal braking at the two rear wheels ) 
isalso harmful. The interested reader 
may explore these conclusions for 
comparatively tight turns, that is, for 


To explore the overturning effect it 
occurs to us to draw a rear view of 
the automobile as in Figure 5, and to 
show the forces (and torque, if any) 
which have projections in this view. 
Applying force and moment summa- 
tions we find, in addition to a partial 
check of previous results, that 


Ur+V1=0.5—0.625 (CR+A)/VR?+1 
UrtVr=0.5+0.625 (CR+A)/VR?+1 


Noting that U and V of Eggs. in (2) 
each represents a sum of front and 
rear wheel forces, we have a total of 
four equations for the four unknown 
vertical forces. The reader will find, 
however, that, as foreseen, only three 
of these equations are independent, 
so that Eq. (1) must also be used. 


center of CR+A 
lett 


wheels right wheels 
VR+ 3524 


This permits evaluation of all the 
forces, of which we list only those on 
the left side of the automobile since 
only these seem in danger of going 
to zero: 


=[40VR?+1—C(45R—20) 


—A(20R+45)1/144VR2+1 
+A (20R—45) 1/144VR?+1 
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At very large values of R these ap- 
proach the following values: 


U,=0.278—0.312C—0.139A 
V,=0.222—0.312C+0.139A 


Problem: Show that in the absence 
of acceleration one of these forces will 
go to zero at C=0.71, whereas if 
A = 0.2, for example, this does not oc- 
cur until C = 0.80, so that positive ac- 
celeration may be of some advantage 
in preventing overturning. (Try to 
reach this conclusion directly by a 
strong intuitive examination of Fig. 
3.) Note, however, that by Eqs. in 
(3) the coefficient of static friction 
between the wheels and ground must 
be very high (greater than about 0.7) 
if overturning is to precede skidding. 

General conclusions: For the auto- 
mobile considered above, positive ac- 
celeration during high-speed turns (at 
large turning radius) is advantageous 
in increasing passenger comfort and 
may also tend to prevent overturning, 
but is disadvantageous in that it in- 
creases the tendency to skid, which is 
likely to occur before overturning. 
The corresponding considerations for 
small turning radius and for rear- 
wheel braking can easily be studied 
by the equations already given. 


Improvement 
Through Problem-Solving 


A study of the sample problems dis- 
cussed above reveals that the solutions 
consist of the following general steps: 


1. Detailed clarification and defini- 
tion of pertinent physical considera- 
tions, selection of significant param- 
eters, formulation of the desired 
results in terms of these parameters, 
and selection of the necessary data. 
The last step often includes approxima- 
tions which simplify the problem with- 
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out making the results misleading; for 
example, all the mass in the amuse- 
ment-park pendulum was assumed to 
be concentrated at the center of 
gravity as indicated. 

2. Selection of practical techniques 
of detailed analysis. This usually in- 
cludes the statement of physical phe- 
nomena in mathematical form, as was 
done in the case of the automobile 
with the aid of suitable force and 
moment summations. 

3. Mathematical manipulation of 
the equations describing the physical 
phenomena in order to evaluate the 
unknown parameters. In most prac- 
tical engineering problems, as in the 
cases discussed above, this does not 


require mathematical methods beyond — 


the undergraduate level. 

4. Physical interpretation of the 
mathematical results; in the proposed 
voltage adder, for example, this in- 
cluded the prediction of overheating 
if the input voltages are forced to as- 
sume arbitrary values. 


How does conventional engineering 
education fail to prepare the student 
for this work? In the usual academic 
presentation of engineering problems 
the physical conditions have already 
been exactly defined, the necessary 
approximations and idealizations have 
been made, extraneous data have been 
discarded, and the desired results 
have been clearly stated in terms of 
definite parameters. 

Further, the problem is usually 
given in connection with specific tech- 
niques of solution, so that the student 
need merely select the appropriate 
technique for the case in hand. Thus 
he is left unaware of the high degree 
of original and versatile intuitive 
thinking which is necessary in steps 1, 
2, and 4 above. 
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Instead of meeting this need di- 
rectly, education has emphasized 
powerful mathematical techniques 
such as the use of the Laplace trans- 
form in dealing with servo problems. 
While such methods are of great value 
to specialists who are routinely en- 
gaged with particular types of in- 
volved problems, they fail to provide 
afirm basis for general problem-solv- 
ing, particularly since the mathemat- 
ical manipulation in step 3 is often the 
easiest part of the total solution. 

The above ideas have been devel- 
oped in Ver Planck and Teare’s En- 
gineering Analysis, which gives a 
large number of realistic engineering 
problems together with their general 
solutions. However, the weakness of 
the average engineer in handling such 
problems is not yet adequately recog- 
nized, as witness the fact that most 
engineering schools have no course in 
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practical problem-solving, and many 
educators do not appreciate the dif- 
ference between such courses and 
those in applied mathematics which 
deal largely with step 3 above. 

The situation will not be remedied 
until courses in realistic problem-solv- 
ing are made part of the typical engi- 
neering curriculum. Even if limited 
to general fields of specialization, such 
courses should deal with a large num- 
ber of different types of problems in 
order to develop the versatility re- 
quired in professional practice. 

A half-year course, given in the 
senior year by an instructor who has 
had experience with problems as they 
arise in the typical engineering office, 
should be adequate to give the stu- 
dent an appreciation of the general ap- 
proach required, and to lay a firm basis 
for self-improvement after graduation. 


PROJECTS FOR INDUSTRIAL ENGINEERING STUDENTS 
(Continued from page 46; this article begins on page 32) 


torun into the lack of information, the 
blind alleys, the resistance to change, 
and the incredible inefficiency that 
many of them do encounter in some 
of the situations they explore. 

The oral presentation to their class- 
mates is also an incidental bonus of 
importance. We find some of the boys 
have had little or no practice in pre- 
senting their ideas to a group; a few 
are very apprehensive about the talk, 
but all of them work hard to do well. 
We of course emphasize spelling, 
grammar, method of presentation, and 
that sort of thing as well as the tech- 


nical information which the student 
presents in his report. 

In the urge to get more and more 
information across to the student, 
many curricula do not give him enough 
chance to express himself, both orally 
and in writing. We think the project 
approach is one way in which this 
type of presentation can be encour- 
aged, at the same time giving the 
student an excellent opportunity to 
interpret and apply in practice his 


- professional knowledge before he ac- 


tually faces the demands of full-time 
employment. 


ONE ANSWER FOR TWO PROBLEMS? 


Humanistic Studies and Industry Assistance 


During the past several years it has 
become apparent that our engineering 
curricula have been somewhat defi- 
cient in an area broadly classed as the 
“humanistics” or “humanities.” These 
terms include the fields of history, eco- 
nomics, government, literature, sociol- 
ogy, philosophy, psychology, and the 
fine arts. 4 

The Engineers Council for Profes- 
sional Development, which acts as the 
accrediting agency for engineering 
curricula, has recently announced its 
new criteria for accreditation of engi- 
neering curricula. For most schools 
these new criteria mean an increase in 
the number of required courses in 
humanities. 

The reception of the idea of an in- 
crease in the humanistic content of 
our undergraduate curriculum has 
been far from uniform, however. 
Many educators and practicing engi- 
neers welcome it as needed and over- 
due. Others say flatly that it won't 
work, that there is no room in engi- 
neering education for such courses. 
But most, I believe, are willing to give 
the idea a fair trial. 

It is with this fair trial that I am 
concerned. In order to be fair we 
must be cooperative rather than cyn- 
ical. We must create an atmosphere 
in which the desirable ends can be 
achieved. In short, we must try sin- 
cerely to make the trial succeed. The 
education for life of thousands of stu- 
dents is involved. 


J. BRUCE WILEY 


Professor of Electrical Engineering 
University of Oklahoma, Norman 


Like any good education, that for 
engineering must be concerned with 
the individual. An engineer, no less 
than a doctor or a lawyer or a mer- 
chant, should be aware of his relation- 
ship with his fellows. As a college 
graduate, he should be knowingly 
willing to accept his responsibilities 
as a citizen. 


His attitude should be one of con-’ 


structively critical, appraising, coop- 
eration. Where leadership is de- 
manded, he should be willing to as- 
sume that leadership. Where action 
is called for he should be prepared to 
act. His criticism, leadership, and ac- 
tion must all, of course, be within the 
moral and ethical bounds established 
by his society. 

Such marks of good citizenship can- 
not be forced upon a student by any 


- curriculum. Required courses in his- 


tory, government, economics, or phi- 
losophy will not automatically achieve 
the desired results. These courses, 
like the fundamental ones in physics, 
mathematics, and chemistry are nec- 
essary, however, as foundations for 
more advanced thought. 

Unless the engineering student is en- 
couraged to reflect upon the motiva- 
tions, ideas, and events covered in 
these courses and to relate them mean- 
ingfully to our time, he will be noth- 
ing more than a technical robot and 
may be actually a menace to society 
and mankind. It is essential, there- 
fore, that our teachers of technical 
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subjects, especially at the undergrad- 
uate level, be sympathetically aware 
of the importance of these humanistic 
courses. 

Opportunities for introducing refer- 
ences to the humanities exist through- 
out our technical courses. Only an 
instructor without experience and im- 
agination will fail to find them. 

Such an instructor should never be 
permitted to teach undergraduate tech- 
nical courses. Young Ph.D.s who are 
deficient in such experience can be 
used with less harm in teaching at the 
graduate level than at the under- 
graduate. 

With the recognition of the need 
for an increase in the humanistic con- 
tent of the engineering curriculum 
and the insistence upon encompassing 
the enlarged field of knowledge in en- 
gineering, the question of the time 
adequacy of four years is raised. 

Several alternative solutions have 
been suggested. Most of.these argue 
that the only answer lies in an in- 
crease in time. This would, of course, 
be an answer—just as an increase in a 
school’s budget would be an answer 
to some other problems. But, like 
many such answers, it creates new 
problems. 

Some of the problems created by 
adding more time to the present four 
year curriculum involve money. The 
additional time requires a larger ex- 
penditure of dollars by the school as 
well as by the student. 

A student does not pay anything 
like his full cost of the present four 
years. An extension of time required 
for the B.S. degree would increase the 
deficit by a proportionate amount. 
This fact must be recognized when a 
five-year curriculum is considered. 

It is true that more time spent at 
the undergraduate level might result 
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in a better education for the B.S. de- 
gree. It might well be asked, how- 
ever, if this additional work might not 
be better given at the graduate level, 
with the appropriate degree awarded 
as the symbol of accomplishment. 

By eliminating some of the hard- 
ware, plumbing, wiring, and such from 
our courses, we should be able to 
make room for the additional human- 
istic courses as well as the fundamen- 
tals which have recently become more 
important to our fields. The bache- 
lor’s degree could still be a bachelor’s 
degree and advanced work of a more 
specialized nature could be put in the 
graduate courses where it belongs. 

Most employers of young engineers 
have publicly stated that they are 
cognizant of their obligations in main- 
taining the physical facilities and 
teaching staffs of engineering schools. 
Many of these employers have made 
substantial contributions to the schools 
from which they recruit. Gifts of 
equipment, endowments, buildings, 
and fellowships have been helpful and 
are appreciated by the schools. 

But despite the recognition of these 
obligations and some attempts to meet 
them, our financial problems are still 
acute. The amounts needed are so 
staggering that very little imprint is 
made even with something as sizeable 
as the Ford Foundation gifts. A more 
effective way of aiding the colleges 
in their educational endeavors must 
then be found. 

Although most employers of young 
engineers are willing to contribute 
their fair share to the cost of educat- 
ing these engineers, they do not feel 
they should bear costs which properly 
should be borne by others. Any 
scheme for allocating the employers’ 
share of assistance to education must 
be fair and uniform. It must also re- 


58 JOURNAL OF ENGINEERING EDUCATION 


sult in the maximum direct benefits 
to the schools. It must not be sus- 
ceptible to criticism because of poli- 
tics or high administrative costs. 

Here, then, we have two problems. 
The first, as stated, involves making 
room in our curricula for more hu- 
manities without increasing time or 
cost. The second involves developing 
a method by which the employers of 
young engineers can fairly and di- 
rectly assist in engineering education. 
An answer to the second may be the 
answer to the first. 

An educational program in which 
the responsibility for a portion of the 
“experience” and “application” now in 
our laboratories and lectures is passed 
on to industry may be a part of that 
answer. Such a program must be 
well understood by both the educators 
and employers of engineers. 

It means the elimination of some of 
the “how” from academic courses and 
an increase in emphasis on the “why.” 
Industry must, then, be prepared to 
continue the educational experience 
through post-college training pro- 
grams. Since the laboratory courses 
are, by and large, quite expensive, the 
elimination of some of them will re- 
duce the cost of engineering education. 


MAVIS APPOINTED DEAN 


Vol. 48—No. 1 


Colleges with cooperative programs 
have already effected much of the 
plan suggested above. Those schools 
which can not, for one reason or an- 
other, develop a complete cooperative 
program might well consider the 
adaptation of some of the aspects of 
this program, however. 

It would not be good pedagogy to 
banish all example reference from lec- 
ture or all supervised interpretative 
experience from laboratories. Motiva- 
tion and the fundamental understand- 
ing of many techniques are both im- 
portant to the development of the en- 
gineer. I believe, however, we should 
review our courses critically and ob- 
jectively to determine whether the col- 
lege classroom or laboratory is more 
appropriate for the “how” than is in- 
dustry’s training course. 

If industry training courses can as- 
sume responsibility for most of the 
“how” and “experience,” there will be 
a three-fold benefit. The financial 
difficulties of the college will be les- 
sened, there will be room in the 
curriculum for the material which 
should properly be there, and em- 
ployers of engineers will be able to 
see that their young engineers get the 
experience considered desirable. 


Frederic T. Mavis, Professor and Head of Civil Engineering at 
the Carnegie Institute of Technology, Pittsburgh, has been named 
Dean of Engineering at the University of Maryland, College Park. 
A member of ASEE since 1929, Dean Mavis served as a member of 
the General Council from 1948 to 1950. 
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NEW MEMBERS OF ASEE 


As of June 3, 1957 GARDNER, FRANKLIN T., Professor of 
; Chemistry, University of Tulsa, Tulsa, 
Ammons, Rosert L., Instructor in Me- Okla. R. L. Langeheim, J. C. Klotz. 


chanical Engineering, New Mexico 
College of A. & M. State College. G. 
F. Panlener, J. I. McPherson. Divi- 
sional Interest: Aero., M. E. 

BACHERT, Rospert F., Instructor in 
Graphics, Princeton University, Prince- 


HERNDON, CHARLES L., Assistant Profes- 
sor of Engineering and Physics, San 
Antonio College, San Antonio, Tex. J. 
O. Gibson, Jr., B. E. Short. 

Heston, RussEuu E., Associate Professor 
of Agricultural Engineering, University 


ton, N. J. S. B. Irish, S. M. Slaby. of Illinois, Urbana. J. O. Curtis, F. B. 
Beroes, CHARLES S., Assistant Professor Lanham. Divisional Interest: Agr. E. 
of Chemical Engineering, University  Icxes, Husert F., Manager, Education 
of Pittsburgh, Pittsburgh 13, Pa. J. Department, IBM Corporation, Kings- 
Coull, W. I. Short. Divisional Inter- ton, N.Y. W.L. Collins, W. L. Everitt. 
est: Chem. E., Math. Divisional Interest: Admin.-Ind. E. E. 
Boom, MortiMeER L., Instructor in Art, Jones, HERBERT L.., Jr., Research Fellow, 
Brooklyn College, Brooklyn, N. Y. E. Chemical Engineering, University of 
M. Griswold, M. E. Levenson. Pittsburgh, Pittsburgh, Pa. J. Coul, 
CHANDLER, Henry M., Jr., Assistant Pro- W. I. Short. 
fessor of Electrical Engineering, Prince- KELLY, FRANK H., Assistant Professor of 
ton University, Princeton, N. J. S. B. Humanities and Social Studies, Mon- 
Irish, S. M. Slaby. tana School of Mines, Butte. W. C. 
Cops, ARNOLD C., Associate Professor Laity, J. H. Albertson. 
Theoretical and Applied Mechanics, Kent, Greorce J., Adjunct Professor of 
University of Illinois, Urbana. E. H. Electrical Engineering, The Polytech- 
Coe, M. V. J. Dembski. nic Institute of Brooklyn, Brooklyn. 
Comps, RicHarp J., Assistant Director, N. Y. J. W. Hostetter, C. C. Whipple. 
Purdue Calumet Center, Purdue Uni- Divisional Interest: E. E., Tech. Inst. 
versity, Hammond, Ind. M. E. Gyte, Kyetsaa, CHEsTER E., Instructor in Me- 
C. H. Zacher. Divisional Interest: chanical Engineering, Princeton Uni- 
Admin.-Educ., Tech. Inst. versity, Princeton, N. J. S. M. Slaby, 
Creson, WiL1aM K., Construction Engi- S. B. Irish. 
neer, Ross Gear and Tool Company, Koontz, Cart H., Head of Civil Engi- 
Inc., Lafayette, Ind. H. Moore, J. Lis- neering, Worcester Polytechnic Insti- 
ton. Divisional Interest: M. E. tute, Worcester, Mass. F. J. Sanger, 
Dewinc, Martin M., Director of Em- M. R. Brown, Jr. Divisional Interest: 
ployee Development, United States C. E., Mech. & Mat. 
Naval Air Missile Test Center, Ven- LaFFIn, CHARLES W., Jr., Dean, New 
tura, Calif. J.C. Dillon, R. R. O’Neill. York Community College, Brooklyn. 
DunckEL, Raupu L., Assistant Professor L. R. Fibel, J. E. Krauss. 
of General Engineering, Tennessee § Levy, Morpecuar M., Assistant to the 
Polytechnic Institute, Cookeville. C. President in charge of Academic De- 
0. Glisson, J. S. Brown. Divisional velopment Israel Institute of Technol- 
Interest: Eng. D., I. E. ogy, Haifa, Israel. J. C. Boyce, M. M. 
CaLLAScHUN, GoRDON F., Superintendent Frocht. Divisional Interest: Adm.- 
of Placement and Employment, Edgar Educ., Human. Soc. Stud. 
Thompson Works, Braddock, Pa. J. Lewis, FRANK W., Instructor in Electrical 
W. Neal, Jr., S. B. Collins. Engineering, University of Arkansas, 
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sult in the maximum direct benefits 
to the schools. It must not be sus- 
ceptible to criticism because of polli- 
tics or high administrative costs. 

Here, then, we have two problems. 
The first, as stated, involves making 
room in our curricula for more hu- 
manities without increasing time or 
cost. The second involves developing 
a method by which the employers of 
young engineers can fairly and di- 
rectly assist in engineering education. 
An answer to the second may be the 
answer to the first. 

An educational program in which 
the responsibility for a portion of the 
“experience” and “application” now in 
our laboratories and lectures is passed 
on to industry may be a part of that 
answer. Such a program must be 
well understood by both the educators 
and employers of engineers. 

It means the elimination of some of 
the “how” from academic courses and 
an increase in emphasis on the “why.” 
Industry must, then, be prepared to 
continue the educational experience 
through post-college training pro- 
grams. Since the laboratory courses 
are, by and large, quite expensive, the 
elimination of some of them will re- 
duce the cost of engineering education. 
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Colleges with cooperative programs 
have already effected much of the 
plan suggested above. Those schools 
which can not, for one reason or an- 
other, develop a complete cooperative 
program might well consider the 
adaptation of some of the aspects of 
this program, however. 

It would not be good pedagogy to 
banish all example reference from lec- 
ture or all supervised interpretative 
experience from laboratories. Motiva- 
tion and the fundamental understand- 
ing of many techniques are both im- 
portant to the development of the en- 
gineer. I believe, however, we should 
review our courses critically and ob- 
jectively to determine whether the col- 
lege classroom or laboratory is more 
appropriate for the “how” than is in- 
dustry’s training course. 

If industry training courses can as- 
sume responsibility for most of the 
“how” and “experience,” there will be 
a three-fold benefit. The financial 
difficulties of the college will be les- 
sened, there will be room in the 
curriculum for the material which 
should properly be there, and em- 
ployers of engineers will be able to 
see that their young engineers get the 
experience considered desirable. 


Frederic T. Mavis, Professor and Head of Civil Engineering at 
the Carnegie Institute of Technology, Pittsburgh, has been named 
Dean of Engineering at the University of Maryland, College Park. 
A member of ASEE since 1929, Dean Mavis served as a member of 
the General Council from 1948 to 1950. 


NEV 
i As of | 
AmMo 
char 
Coll 
i F. I 
sion: 
BACHE 
Gra] 
ton, 
BEROE 
of ¢ 
3 of I 
Cou 
est: 
4 BLoom 
Broc 
M. 
CHAND 
fessc 
ton 
Irish 
Coss, 
The 
Unin 
Coe, 
| Comss 
versi 
Adm 
Creson 
neer, 
Inc., 
ton. 
2 Dewin 
ploy 
; 
tura, 
Duncx 
of ( 
Polyt 
0. ¢ 
Inter 
of Pl 
Thon 
W. 


NEW MEMBERS OF ASEE 


As of June 3, 1957 


Ammons, RoBert L., Instructor in Me- 
chanical Engineering, New Mexico 
College of A. & M. State College. G. 
F. Panlener, J. I. McPherson. Divi- 
sional Interest: Aero., M. E. 

BacHeRT, Roperr F., Instructor in 
Graphics, Princeton University, Prince- 
ton, N. J. S. B. Irish, S. M. Slaby. 

Berors, CHARLEs S., Assistant Professor 
of Chemical Engineering, University 
of Pittsburgh, Pittsburgh 13, Pa. J. 
Coull, W. I. Short. Divisional Inter- 
est: Chem. E., Math. 

Boom, MortIMER L., Instructor in Art, 
Brooklyn College, Brooklyn, N. Y. E. 
M. Griswold, M. E. Levenson. 

CHANDLER, Henry M., Jr., Assistant Pro- 
fessor of Electrical Engineering, Prince- 
ton University, Princeton, N. J. S. B. 
Irish, S. M. Slaby. 

Coss, ARNOLD C., Associate Professor 
Theoretical and Applied Mechanics, 
University of Illinois, Urbana. E. H. 
Coe, M. V. J. Dembski. 

Comss, Ricuarp J., Assistant Director, 
Purdue Calumet Center, Purdue Uni- 
versity, Hammond, Ind. M. E. Gyte, 
C. H. Zacher. Divisional Interest: 
Admin.-Educ., Tech. Inst. 

Creson, K., Construction Engi- 
neer, Ross Gear and Tool Company, 
Inc., Lafayette, Ind. H. Moore, J. Lis- 
ton. Divisional Interest: M. E. 

Dewinc, Martin M., Director of Em- 
ployee Development, United States 
Naval Air Missile Test Center, Ven- 
tura, Calif. J. C. Dillon, R. R. O’Neill. 

DuncKxEL, Raupu L., Assistant Professor 
of General Engineering, Tennessee 
Polytechnic Institute, Cookeville. C. 
0. Glisson, J. S. Brown. Divisional 
Interest: Eng. D., I. E. 

GaLLAscHuN, Gorpon F., Superintendent 
of Placement and Employment, Edgar 
Thompson Works, Braddock, Pa. J. 
W. Neal, Jr., S. B. Collins. 


GaRDNER, FRANKLIN T., Professor of 
Chemistry, University of Tulsa, Tulsa, 
Okla. R. L. Langeheim, J. C. Klotz. 

HERNDON, L., Assistant Profes- 
sor of Engineering and Physics, San 
Antonio College, San Antonio, Tex. J. 
O. Gibson, Jr., B. E. Short. 

Heston, RussEuu E., Associate Professor 
of Agricultural Engineering, University 
of Illinois, Urbana. J. O. Curtis, F. B. 
Lanham. Divisional Interest: Agr. E. 

Ickes, Hupert F., Manager, Education 
Department, IBM Corporation, Kings- 
ton, N.Y. W.L. Collins, W. L. Everitt. 
Divisional Interest: Admin.-Ind. E. E. 

Jones, Herbert L., Jr., Research Fellow, 
Chemical Engineering, University of 
Pittsburgh, Pittsburgh, Pa. J. Coul, 
W. I. Short. 

FRANK H., Assistant Professor of 
Humanities and Social Studies, Mon- 
tana School of Mines, Butte. W. C. 
Laity, J. H. Albertson. 

Kent, Georce J., Adjunct Professor of 
Electrical Engineering, The Polytech- 
nic Institute of Brooklyn, Brooklyn. 
N. Y. J. W. Hostetter, C. C. Whipple. 
Divisional Interest: E. E., Tech. Inst. 

Kyetsaa, CHEsTER E., Instructor in Me- 
chanical Engineering, Princeton Uni- 
versity, Princeton, N. J. S. M. Slaby, 
S. B. Irish. 

Koontz, Cari H., Head of Civil Engi- 
neering, Worcester Polytechnic Insti- 
tute, Worcester, Mass. F. J. Sanger, 
M. R. Brown, Jr. Divisional Interest: 
C. E., Mech. & Mat. 

LaFFIN, CHARLES W., Jr., Dean, New 
York Community College, Brooklyn. 
L. R. Fibel, J. E. Krauss. 

Levy, Morpecualr M., Assistant to the 
President in charge of Academic De- 
velopment Israel Institute of Technol- 
ogy, Haifa, Israel. J. C. Boyce, M. M. 
Frocht. Divisional Interest: Adm.- 
Educ., Human. Soc. Stud. 

Lewis, Frank W., Instructor in Electrical 
Engineering, University of Arkansas, 
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Fayetteville. N. H. Barnette, N. F. 
Tsang. 

LiccettT, THomas, Assistant Professor of 
Chemical Engineering, University of 
Pittsburgh, Pittsburgh, Pa. J. Coull, 
W. I. Short. Divisional Interest: 
Chem. E. 

Locan, Joun A., Professor of Civil Engi- 
neering, Northwestern Technical Insti- 
tute, Evanston, Ill. J. O. Osterberg, 
R. B. Banks. Divisional Interest: 
Admin.-Educ., C. E. 

Massey, FRANK A., JRr., Assistatnt Profes- 
sor of Mechanical Engineering, Uni- 
versity of Minnesota, St. Paul. A. O. 
Lee, P. A. Cartwright. 

MAXWELL, Bryce, Assistant Professor of 
Mechanical Engineering, Princeton 
University, Princeton, N. J. S. B. 
Irish, S. M. Slaby. 

McCu.t.LoucH, S., Instructor in 
Drawing, Mechanics and Design, Uni- 
versity of Buffalo, Buffalo, N. Y. B. 
O'Callahan, G. N. Praemassing. 

MERKLE, Douctas H., Part Time In- 
structor in Surveying, Cornell Univer- 
sity, Ithaca, N. Y. G. B. Lyon, A. J. 
McNair. 

Monsen, ADEL, Instructor in Electrical 
Engineering, Newark College of Engi- 
neering, Newark, N. J. R. R. Meola, 
N. N. Abou-Taleb. 

Murray, Donaxp S., Administrative Di- 
rector of Project Research and Grants, 
University of Pennsylvania, Philadel- 
phia. C. C. Chambers, A. N. Hixon. 
Divisional Interest: Admin.-Educ., Hu- 
man. Soc. Stud. 

Noet, Rospert L., Head, Engineering 
Department, Emmanuel Missionary 
College, Berrien Springs, Mich. G. H. 
Martin, W. P. Smith. 

OyaLvo, Morris, Assistant Professor of 
Civil Engineering, Princeton Univer- 
sity, Princeton, N. J. S. B. Irish, S. M. 
Slaby. Divisional Interest: C. E., 
Mech. & Mat. 

Preps, Ernest D., Manager, Personnel 
Research & Development, Denville, 
N. J. W. L. Collins, W. L. Everitt. 
Divisional Interest: Admin.-Educ., Hu- 
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man. Soc. Stud., I. E., Shop & Mech, 
Arts, Tech. Inst. 

Powers, Joun E., Assistant Professor of 
Chemical Engineering, University of 
Oklahoma, Norman. C. M. Sliepce- 
vich, W. H. Carson. Divisional Inter- 
est: Chem. E., Math. 

RaMsEY, RopertT H., Professor of Engi- 
neering Research, Pennsylvania State 
University, University Park. E. B. 
Stavely, L. Perez. 

Rex, Epwarp M., Acting Head and As- 
sociate Professor of Mechanical Engi- 
neering, Air Force Institute of Tech- 
nology, Wright-Patterson Air Force 
Base, Ohio. R. A. Seaton, G. R. 
Graetzer. Divisional Interest: Admin.- 
Educ., M. E. 

Ropricues, ANTHONY F., Assistant Pro- 
fessor of Engineering, San Jose State 
College, San Jose, Calif. J. A. Bailey, 
E. Dionne. Divisional Interest: E. Dr., 
M. E. 

Sampson, Epwarp C., Assistant Profes- 
sor of Liberal Studies, Clarkson Col- 
lege of Technology, Potsdam, N. Y. 
L. W. Herron, D. G. Stillman. Divi- 
sional Interest: English, Human. Soc. 
Stud. 

SCHEUVERMANN, CouLson M., Instructor in 
Engineering Drawing, Case Institute 
of Technology, Cleveland, Ohio. O. 
M. Stone, R. C. Behn. Divisional In- 
terest: E. Dr., Min. Tech. 

Scumitz, Frep W., Senior Instructor in 
Chemical Engineering, New York City 
Community College, Brooklyn. J. E. 
Krauss, L. R. Fibel. 

SHERRER, RoBert E., Instructor in Engi- 
neering Mechanics, University of Wis- 
consin, Madison. G. Pickett, G. W. 
Washa. Divisional Interest: Math., 
M. E., Mech. & Mat. 

Stuart, Epwarp B., Associate Professor 
of Chemical Engineering, University 
of Pittsburgh, Pittsburgh, Pa. J. Coull, 
W. I. Short. Divisional Interest: 
Chem. E., Math. 

Srynes, STANLEY K., Instructor in Chem- 
ical Engineering, Wayne State Univer- 
sity, Detroit, Mich. J. A. Day, H. G. 
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Oct., 1957 NEW MEMBERS OF ASEE 
Donnelly. Divisional Interest: Chem. 
E., Human. Soc. Stud. 

SUTHERLAND, RoBERT L., Associate Pro- 
fessor of Mechanical Engineering, State 
University of Iowa, Iowa City. C. J. 
Posey, R. L. Jones. Divisional Inter- 
est: M. E. 

SUTHERLAND, WILLIAM A., Member, New 
Jersey State Board of Education, Lib- 
erty Corner, N. J. C. R. Davis, M. 
T. Ayers. Divisional Interest: Coop. 
Eng. Educ. 

TaSSONEY, JosEPH P., Assistant Professor 
of Chemical Engineering, University of 
Pittsburgh, Pittsburgh, Pa. J. Coull, 
W. I. Short. Divisional Interest: 
Chem. E. 

THOMAS, JOHN B., Assitant Professor of 
Electrical Engineering, Princeton Uni- 
versity, Princeton, N. J. S. B. Irish, 
S. M. Slaby. 

TRUBIANO, ARTHUR P., Associate Profes- 
sor of Engineering Graphics, Lafayette 
College, Easton, Pa. H. C. Hamilton, 
A. A. Kerr. Divisional Interest: E. Dr. 

WaRFIELD, GEORGE, Associate Professor 
of Electrical Engineering, Pinceton 
University, Princeton, N. J. S. B. Irish, 
S. M. Slaby. 


As of June 12, 1957 


ArENZ, RosertT J., Graduate Student, 
Engineering Mechanics, St. Louis Uni- 
versity, St. Louis, Mo. Gerald E. 
Dreifke, Victor J. Blum, S. J. Divi- 
sional Interest: M. E., Aero. & Aero E. 

Brisco, JoHN W., Associate Professor 
of Civil Engineering, University of 
Illinois, Urbana. J. D. Haltiwanger, 
E. H. Gaylord. Divisional Interest: 
C. E. 

Davis, BenyaMiIN C., Head of Mechan- 
ical Technology, Mohawk Valley Tech- 
nical Institute, New Hartford, N. Y. 
Charles A. Higgerson, Albert V. Payne. 

Emmons, Howarp W., Professor of Me- 
chanical Engineering, Harvard Univer- 
sity, Cambridge 38, Mass. W. Leigh- 
ton Collins, W. L. Everitt. Divisional 
Interest: M. E., Aero. & Aero E. 
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Fox, GERALD W., Professor and Head of 
Department of Physics, Iowa State 
College, Ames, Ia. J. F. Downie 
Smith, H. J. Gilkey. Divisional Inter- 
est: Physics. 

Hayes, Haroxp P., Dean of Engineering, 
California State Polytechnic College, 
San Luis Obispo, Cal. C. E. Knott, 
Harry K. Wolf. Divisional Interest: 
Adm.-Educ., M. E. 

Hopcins, Joun W., Director of Engi- 
neering Studies, McMaster University, 
Hamilton, Ontario. D. Grant Huber, 
P. B. Hughes. Divisional Interest: 
Admin.-Educ. 

Lancaster, Otis E., Professor of Engi- 
neering Education, Pennsylvania State 
University, University Park. Russell 
B. Allen, John E. Younger. Divisional 
Interest: Aero & Aero Engr., Math. 

LAWRENCE, CHARLES W., Instructor in 
Electrical Engineering, Polytechnic In- 
stitute of Brooklyn, Brooklyn, N. Y. 
Clyde C. Whipple, Jacob W. Hostetter. 

Morcan, ApRIAN J., Assistant Professor 
of Electrical Engineering, University of 
Dayton, Dayton, Ohio. Harold J. Som- 
mer, Richard R. Hazen. Divisional In- 
terest: E. E. 

MuLLikin, Harwoop F., Head of Me- 
chanical Engineering, Montana State 
College, Bozeman. Ralph C. Chal- 
lender, Howard L. Huffman. Divi- 
sional Interest: M. E. 

Nacupl, M., Professor of Engineer- 
ing Mechanics, University of Michigan, 
Ann Arbor. R. A. Dodge, G. Brymer 
Williams. Divisional Interest: Mech. 
& Mat. 

OvERBERGER, G., Head of 
Chemistry, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. C. E. 
Schaffner, W. L. McCabe. Divisional 
Interest: Chem. and Chem. E. 

Parry, Raupu E., Specialist of Educa- 
tion Programs—Large Lamp Engineer- 
ing Administration, General Electric 
Co., Nela Park, Cleveland, Ohio. 
Everett Laitala, Henry Burlage, Jr. Di- 
visional Interest: Admin.-Educ., E. E. 
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SavaGE, Henry C., Jr., Assistant Pro- pany, Seattle, Wash. John C. Sanders, TEA 
fessor of Engineering Drawing, Geor- Stanley M. Little, Jr. Divisional Inter- 
gia Institute of Technology, Atlanta. est: Admin.-Ind., Aero & Aero E. The 
W. B. Johns, Jr., Bryan L. Brown. Di- Woop, Epwin C., General Manager of enven 
visional Interest: E. Dr. The Wood-Regan Instrument Co., Inc., Seamed 
SHAawcross, JoHN T., Associate Professor Nutley, N. J. L. O. Johnson, Irwin aleeat 
of English, Newark College of Engi- Wladaver. Divisional Interest: Ad- the Jo 
neering, Newark, N. J. Nelson C. min.-Ind. 
Keables, Herman A. Estrin. Divisional Yakura, JAMES N., Associate Professor 
Interest: English, Human. Soc. Stud. of Electrical Engineering, University ELEC] 
Spann, Ransom D., Head Professor of of Dayton, Dayton, Ohio. Maurice Engi 
Electrical Engineering, Alabama Poly- Graney, Raymond J. Stith. Divisional assigniy 
technic Institute, Auburn. Joshua E. Interest: E. E. — 
Hannum, C. A. Basore. Divisional In- 70 new members ee 
terest: E. E., Physics. 785 previously added qualific 
WELLs, Epwarp C., Vice President of — MS. iz 
Engineering, Boeing Airplane Com- 855 new members 1956-57 neering 
conside 
NATIONAL STANDARD EXAMINATIONS . 
IN MECHANICS Roches 
Under the auspices of the ASEE Mechanics Division, the Na- THER) 
tional Standards Examination Committee has been formed to pre- teach | 
pare uniform examinations in statics, dynamics, and strength of cure 
materials. In order to develop a truly representative examination, a. 
schools desiring to participate are requested to send six copies of a 
each of their last three regular final exams in these subjects. Please sna 
specify time duration of the exam, credit hours for the course, and i+ Bn 
include answers if available. All copies should go to F. L. Singer, Pratt In 
New York University, University Heights, New York 53, New York, 
who will then supply other members of the committee. __ ELECT 
A representative final exam of two hours in length will be pre- ings are 
pared, thus permitting schools who schedule longer exams to add ized d 
additional material for their special purposes. A copy of the master teaching 
: form will be sent participating schools to be duplicated and graded se 
ne: by them according to a suggested marking plan. meat 
: To insure anonymity, the results will be tabulated on an uniden- Head of 
tified scoring sheet; this will be mailed in a sealed enveloped (ad- Univers: 
dressed to the committee), but sent in another envelope to the 
Secretary of ASEE, who will then forward the enclosure to the MECH, 
committee. After the national averages have been tabulated, results Highwa 
will be sent to the participating schools to be used as they see fit. ig 
nee an 
NATIONAL STANDARD EXAMINATION COMMITTEE staff int 
A. Higdon G. Pickett 
H. R. Lissner W. B. Stiles 
H. F. Marco F. L. Singer, Chairman 
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TEACHING POSITIONS AVAILABLE 


The Teaching Positions Available department is published as an opportunity and 
convenience for Active and Affiliate Institutional Members.. By action of the General 


Council, a nominal charge per line is made. 


Inquiries about rates, replies to coded 


advertisements, and correspondence concerning the department should be directed to 
the JourNAL, 114 Civil Engineering Hall, University of Illinois, Urbana. 


ELECTRICAL AND MECHANICAL 
Engineering positions open. Teaching 
assignments are Electric Power, Elec- 
tronics, Mechanical Vibrations, Fluid 
Mechanics, and other Mechanical Engi- 
neering subjects. Salary depends upon 
qualifications. Excellent fringe benefits. 
M.S. in Electrical or Mechanical Engi- 
neering desired. Applicants with B.S. 
considered. Write to Earle M. More- 
cock, Chairman, Applied Science Divi- 
sion, Rochester Institute of Technology, 
Rochester, New York. 


THERMODYNAMICIST NEEDED TO 
teach thermodynamics in engineering 
sciences program, and applied thermody- 
namics to mechanical engineers; to par- 
ticipate in graduate program. A real op- 
portunity for young Ph.D. interested in 
scientifically oriented curricula. Apply 
to Head of Mechanical Engineering, 
Pratt Institute, Brooklyn 5, New York. 


ELECTRICAL ENGINEERING OPEN-— 
ings are available in a recently author- 
ized department. Rank, salary, and 
teaching opportunities are excellent. Po- 
sitions are available beginning spring 
semester, 1958 and for 1958-59. Send 
resume of education and experience to 
Head of Electrical Engineering, Bradley 
University, Peoria, Illinois. 


MECHANICS AND MATERIALS OR 
Highways openings in Civil Engineering 
Department for individuals with experi- 
ence and/or advanced degrees. Desire 
staff interested in developing undergrad- 


uate, gradaute, and research programs. 
Engineering enrollment 1500 and grow- 
ing rapidly. Ideal college town of 12,000 
population in West. Scenic mountains, 
good hunting, fishing, and skiing. Salary 
open. Send transcript, letter of inquiry 
and references to Head of Civil Engi- 
neering, Montana State College, Boze- 
man, Montana. 


TWO MECHANICAL ENGINEERING 
teaching positions open September 15 or 
later. Masters degree preferred. Salary 
depends upon training and experience. 
Address Professor A. P. Young, Michigan 
College of Mining and Technology, 
Houghton, Michigan. 


FULL TIME DIRECTOR OF RE- 
search in basic and applied engineering 
familiar with industry and industrial re- 
search. Preferably familiar with aca- 
demic procedures. Experienced in di- 
recting research and in handling large 
staff organization essential. Write H. W. 
Barlow, Director, Washington State In- 
stitute of Technology, State College of 
Washington, Pullman. 


DRAWING STAFF OPENING AT BS. 
level. Part time graduate program to- 
wards M.S. degree available. Salary for 
nine month academic year based upon 
experience and education. Start October 
1, 1957. Apply for position as instructor 
of engineering and shop drawing and 
descriptive geometry to H. H. Fenwick, 
Head of Engineering Drawing, Univer- 
sity of Louisville, Louisville 8, Ky. 
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(Continued from page 4) 

His research interests include work 
in oscillography, vacuum switching 
and glow discharge phenomena, weld 
testing and radiography, high voltage 
phenomena, railway equipment, vibra- 
tion dynamics, and research manage- 
ment. He has numerous publications 
to his credit in these fields of re- 
search and in engineering education 
generally. 

In addition to his many educational 
and research activities, President Lind- 
vall has served as consultant for sev- 
eral industrial concerns and various 
agencies of the Department of De- 
fense. Presently he is a member of 
eight different boards of directors and 
advisory groups for both private and 
governmental organizations. Yet with 
such a full professional life he has not 
restricted himself to technical areas of 
activity. Membership on the boards 
of directors of the Pasadena Art Mu- 
seum and the Pasadena Chapter of 
the American Red Cross indicate the 
variety of interest so necessary for the 
successful educator. 

This broad range is also shown in 
his hobbies as a gardener, a gourmet 
and cook, and an outdoorsman who 
likes to spend “as much time in the 
mountains as possible,” particularly in 
the area around Lake Tahoe. A fam- 
ily man, he shares these interests with 
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neer in California. 
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his wife Janet, who is currently state 
secretary for the California League of 
Women Voters, son Eric, a geologis 
daughter Martha, a political Sciencellm 
graduate, and son John, who will be 
a high school senior this fall. 
President Lindvall’s affiliations wi 
professional societies include member 
ship in the American Society of Mej 
chanical Engineers, the American Asim 
sociation of University Professors, thé 
American Association for the Advance 
ment of Science, the Committee on 
Education and Accreditation of thd 
Engineers’ Council for Professiona 
Development, Eta Kappa Nu, Ta’ 
Beta Pi, and Sigma Xi. He is a Fel 
low of the American Institute of Elec 
trical Engineers, was chairman of thd 
Los Angeles Section for 1941-1942j 
and is a Registered Professional Engi 


A member of ASEE since 194] 
President Lindvall has served for thé 
last two years in his characteristically™ 
unobtrusive but effective manner aj 
Vice President in Charge of Geners 
and Regional Activities. From 19 
to 1955 he was a director of ECRC 
and he also has served on the Com 
mittee for Evaluation of Engineering 
Education. As President of the So 
ciety, he succeeds Dean W. L. Everitt 
of the College of Engineering, Uni- 
versity of Illinois. 
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JUNE 16-20, 1958 


og 
‘ 
* 
: 
i 
‘i 


